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ABSTRACT

Military Specifications, MIL-R-24169A (Single-Hose) and

MIL-R-19558A (Double-Hose) list the specifications which

open-circuit SCUBA regulators proposed for U. S. Naval

service must meet. The Navy Experimental Diving Unit is

the government agency which tests the breathing resistance

characteristics of proposed SCUBA regulators for conformance

with the applicable military specification. The procedures

and standards used by NAVXDIVINGU in the testing of open-

circuit SCUBA regulators and their relation to the appro-

priate military specifications are described. Also discussed

are changes being proý,osed in those procedures and standards

and changes recommended in the Military Specifications

themselves.
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I • INTRODUCTION

Military Specifications MIL-R-24169A (single-hose

regulators) and MIL-R-19558A (double-hose regulators) list

the criteria which open circuit SCUBA regulators proposed

for U.S. Naval service must meet.

When regulators are procured under Navy contract,

government inspectors from the appropriate defense contract

agencies F.erform the required manufacturing process inspec-

tions and tests. Sample regulators are then sent to the

Navy Experimental Diving Unit for testing to determine

their adherence to the MILSPEC breathing resistance require-

ments, Successful passage of the NAVXDIVINGU breathing

resistance tests is required before the finished regulators

can be delivered to the government.

3uccessful passage of NAVXDIVINGU breathing resistance

tests is also required before a regulator submitted by a

commercial manufacturer can be placed on the Approved

Products List (APL) (3). Naval activities with the necessary

funds can purchase any regulator on the APL on the open
market without further approval from higher authority.

Also, a manufacturer must have one or more regulators on the

APL before he can bid on a government contract for regulators

without first submitting sample regulators to NAVXDIVINGU for

breathina resistance testing.

The purpose of this report is to ;lake public the test-

ing procedures currently used by NAVXDIVINGU, the chanqes that

..
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are being proposed ini those procedures. and the relation-

ship of both the present procedurea anc6 the proposed changes

to the SCUBA regulator MILSPECS.,
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II. MILSPEC REQUIREMENTS

The tests that are specified by the MILSPECS as being

done by NAVXDIVINGU are outlined below. For ease of refer-

ence MILSPECS MIL-R-24169A and MIL-R-19558A are reproduced

herein as Appendices A and B.

A. Breathing Machine Test

The appropriate sections of MIL-R-24l69A (single-hose

SCUBA requlators) are reproduced below:

3.19 Mechanical peak inhalation and exhalation
pressures. - The demand regulator assembly shall
exhibit, at a maximum, the values of peak inhalation
and exhalation pressures of figure 2 (reproduced as
Figure 1 herein) when tested on a mechanical breather
in accordance with 4.3.1. in ambient pressures up to
the equivalent of 200 ft. of sea water.

4.3.1 Mechanical peak inhalation and exhalation
pressure test. - The suitability of t e preproduction
u-nits for swimming to 201 feet in sea water shall be
tested by a simulated breathing test using a breathing
machine having a tidal volume of two liters set at a
rate of 20 breaths per minute. For a given ambient
pressure, the maximum pressure differential observed
between ambient pressure and pressure inside the mouth-
piece during any inhalation cycle shall be the mechanical
peak inhalation pressure. For a given ambient pressure,
the maximum pressure differential observed between
ambient pressure and pressure inside the mouthpiece
during any exhalation cycle shall be the mechanical
peak exhalation pressure (see 3.19).

The appropriate sections of MIL-R-19558A (3.14 and 4.2.2(a))

-ire identical in content although the wording is slightly

different.

The breathing machine test as defined above has proven

very useful. It can be quickly and easily run, and it gives

reproducible results. There are, however, several items

which need tc be considered.

3
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1. The MILSPECS do not specify what waveform is to be

produced by the breathing machine. The waveform that has

been chosen for tests conducted in accordance with MIL-R-

24169A and MIL-R-19558A is a sine wave modified to have an

exhalation to inhalation time ratio of 1.1/1.0.

2. The MILSPECS do not specify whether the breathing

machine test is to be run with the regulators dry or wet

(submerged in water). Submergence can sometimes result in

significant degrations in a regulator's performance. It

also makes maintaining a stable reference pressure difficult.

Current practice is to test the regulators wet.

3. The breathing machine test as defined by the MILSPECS

leaves a great deal to the test operator's judgemnent,

particularly when the regulators are tested wet. The level

of the reference pressure is not spelled out, nor is the

treatment of signal noise caused by bubbles and electrical

Interference. NAVXDIVINGU practice with respect to these

two items is detailed in SecLion III. A.

4. The test parameters of 2 liters per breath and 20

breaths per minute (40 liters per minute, Respiratory

Minute Volume, RMV) are appropriate to moderately heavy work

(oxygen consumption, Vo. of 1.68 standard liters per minute,

slpm; swimming at 0.85 knots) (4) (5). A higher minute volume

warrants consideration.

5



B. Swimming Test

The appropriate sections of MIL-R-24169A (single-hose)

are reproduced below:

3.20 Subjective peak inhalation and exhalation
pressures. - The demand regulator assembly shall
demonstrate, at a maximum, the values of peak inhalation
and exhalation pressure of figure 2 (Figure 1 herein)
when used by a typical U.S. Navy diver having a maxi-
mum tidal volume of 5 liters at simulated depths up to
200 feet of sea water swimming against a 12-pound force

(see 4.3.2).

4.3.2 Subjective peak inhalation and exhalation
pressure test. - When preproductior units have success-
fully passed the testing of 4.3.1, they shall be addition-
ally tested using the arrangement shown on Figure 4
(Figure 2 herein). For a given depth, the maximum
pressure differential observed between ambient pressure
at mouthpiece level and pressure inside the mouthpiece
during any inhalation cycle shall be the subjective
peak inhalation pressure. For a given depth the maxi-
mum pressure differential observed between ambient
pressure at mouthpiece level and pressure inside the
mouthpiece during any exhalation cycle shall be the
subjective peak exhalation pressure. (see 3.20).

The appropriate sections of MIL-R-19558A (double-hose)

are reproduced below:

3.4 The demand regulator shall operate in accordance
with all requirements of this specification when used
with high pressure air flasks. When using high press-
ure cylinders the appardtus shalh operate satisfactor-
ily in accordance with this specification when swim-
ming to 200 feet.

3.14 The demand regulator in combination with
breathing tubes, mouthpiece, or face mask shall have
satisfactory inhalation and exhalation pressures with
a rran swimming at speed of 1 mile per hour and have a
ma,<imum tidal volume of 5 liters. The inhalation and
e halation pressures shall not exceed the values shown
o0 fiqure 2 (Figure 1 herein) for machine test with
breathing tubes and mouthpiece or with mask when tested
as specified in 4.2.

6
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3.15 The demand regulator in combination with
breathing tubes and mouthpiece or face mask shall not
have inhalation or exhalation pressures which exceed
200 centimeters of water at 200 feet when swimming
against a 12-pound force.

This swimming test for SCUBA has not been used fnr

several years. The reasons for this lack of utilization

follow:

1. Swimming against a 12-pound force represents a

severe exercise level that can be maintained for only very
short periods of time (oxygnx[•

co 6umption 2.95 slpm; rZMV 70 1pm;

appropriate to swimming at about 1.3 knots) (4)(5). Not

only does this test represent severe exercise, it also is

inconsistent with the 40 1pm RMV used in the breathing machine

tests. Enforcement of :his provision of the MILSPECS

would result in the disqualification of nearly every SCUBA

regulator currently in use by the U.S. Navy.

2. The I mile per hour (0.87 knot) swimming speed

specified in MIL-R-19558A, Section 3.14 would be a much

more reasonable test. It is appropriate to an oxygen

consumption of roughly 1.5 slpm, an RMV of approximately

35 1pm or swimming against a steady force of about 8.2

pounds. It is, however, inconsistent with the 12-pound

steady force specified in Sections 3.15 and 4.2.2.(b) of

the same MILSPEC. The 200 cm 1120 pressure limit specified

in Section 3.15 of MIL-R-19558A is also an obvious error.

It should read 20 cm H20 .

3. This type of tes, is difficult to perform

accurately, and it does not normally yield reproducible

8



results. The respiratory demands that the diver places on

the regulator (in particular his respiratory waveform) vary

widely from diver to diver, and they are difficult to

measure or monitor. Consequently a regulator may easily

pass when used by one diver and fail when used by another.

9



C. Supply Pressures

The appropriate sections of the two MIISPECS are re-

produced below:

MIL-R-24169A (Single-hose)

3.8 Su2ply 1pressures. - 7he demand regulator
assembly shall function in accordance with this
specification with supply pressures from 3,000 pounds V

per scuare inch (psi) to 200 psi. The high pressure
regulator shall withstand application of 5,000 psi
hydrostatically without sustaining damage.

IMIL-R-19558A (Doubl 3-hose)

d 3.5 When used with high pressure cylinders the

demand regulator shall function in accordance with
this specification from 3000 pounds per sauare inch
(p.s.i.) to 100 p.sJi.

Almost all SCUBA regulators in current military or

commercial use will meet the above supply pressure limits

at 0 fsw. However, very few will opcrate satisfactorily

with a supply pressure of 20i psi at 200 fsw (MIL-R-24169A).

At 200 fsw, 200 psi is only 111 psi over bottom pressure

(assuminq psi in the MILSPECS to mean psig and not psia).

The 100 psi minimum supply pressure specified in MIL-R-

19558A is completely unrealistic.At 200 fsw it is only 11

psi over bottom pressure. Enforcement of that specification

would preclude the use of double-hose SCUBA regulators by

the U.S. Navy. Current practice is to pass a regulator

under test as lonq as it operates satisfactorily at all

supply p:-essures above 200 psi over bottom pressure.

10



III. NAVXDIVINGU TESTING PRACTICES
A. Present Practices

1. Apparatu-

Figures 3, 4 and 5 show the experimental apparatus

used to test both single and double hose open circuit SCUBA

regulators.

The breathing machine is set up to deliver 20

breaths per minute with a tidal volume of 2.0 liters per

k breath. The volume-time waveform produced is that of a

sinv'soid modified to have a ratio of exhalation tgme to

inhalation time of 1.1/1.0. Reference 6 contains a com-

plete description of the breathing machine and its

• characteristics.

The end of the breathing pipe is formed to con-

form to the mouthpiece shapa of the regulator under test.

The differential pressure transducer is connected

so that it indicates the pressure differential between the

.interior of the regulator mouthpiece and water pressure

(air pressure, if dry) at the centerline level of the second

stage diaphram. The transducers used are usually 1 psid

(psi differential) variable reluctance transducers with a

minimum frequency response range of 0 to 100 Hz. The

amplifiers Nnd oscillographic strip chart recorders used with

the transducers have a minimum frequency response range of

0 tc 40 Hz at a full scale deflection of 50 mm. The X-Y

plotter has a maximum acceleration capability of 1750 in/sec2

in the X direction and 2750 in/sec 2 in the Y direction with

a maximum writing speed of 100 inches/second.

i :
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Inspired-expired volume is measured by means of

a linear position transducer in the breathing machine piston

shaft. Inspiratory-expiratcry flow rates are measured by a

similarily located velocity transducer. Either volume or

flow rate information can be feed into the X axis of the

X-Y plotter yielding respectively pressure-volume or pressure-

flow rate traces.

The free volume of the plumbing between th-.

breathing machine piston and the regulator is kept below

2 liters. Assuming a maximum pressure change of 20 cm

1120, this results in a maximum volume error due to com-

pression of the gas enclosed in the plumbing of 39 cc at

0 fsw. 39 cc represents an ec'ror of less than 2% of the

2 liter tidal volume normally used. This compression

error, of course, decreases with increasing depth. At

200 fsw, it is only 5.6 cc or 0.3% of the normal 2.0 liter

tidal volume.

2. Procedures

Figures 3, 4 and 5 show the test apparatus used

when a regulator is to be tested "wet". The test apparatus

-ised when a regulator is to be tested "dry" is identical

with the exception that no water is placed in the -. ating

box. All regulators are normally tested either wet ri

both wet and dry.

During dry testing the regulator mouthpiece

pressure is measured relative to chamber ambient pressure.

During wet testing, however, even with the

equipment set-up shown in Figures 3, 4 and 5, maintaining a

15



valid reference pressure for the transducer is sometimes

difficult. Aeration of the water arnd water splash-out are

two of the main sources of difficulty. Cons~equently the

reference pressure used during wet tests is the "zero flow

condition pressure" determined by securing the breathing

machine and recording the equilibrium pressure reached in

the r.egulator mouthpiece with no gas flowing. This method

has been found to give stable, reliable reference pressures

which have proven valid over a wide range of condi'Aions.

The "zero flow condition pressure" is nearly

always e~ssentially midway between the end-exhalation and

end-inhalation pressures. See Figure 6. Consequently, the

average of the end-exhalation and enid-inhalation pressuresI

serves as a reasonably accurate on-line check of the "zero

flow condition pressure".* Indeed in some cases where it

is inconvenient or impc-ssible to frequently start and stop

the breathing machine, this average pressure can be used

as the reference pressure. The "zero flow condit~ion

pressure" however must be checked at least once each time

the test depth is changed.

The peak inhalation and peak exhalation pressure

differentials relative to the reference pressure are read

from the pressure-volume plot as shown in Figure 6. They

m~ay also be read from the strip chart recorder trace. How~-

It is not as easily degraded by noise as is the pressure-

time trace, and the end-inhalation, end-exhalation pressures

16
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are much -easier to identify. Also the nature of the pressure-

volume plot permits a much better understanding of how the

regulator is operating, and this makes interpretation

much easier whenever judgement decisions must be made.

Pressure-flow rate plots are not normally made dur-

ing routine regulator tests. They are made only if there is

an anamoly in the pressure-volume plots or if additional

information in desired beyond an ..nswer to the basic question

"Does the regulator meet the MILSPFC roctuirements?".

Peak inhalation and exhalation pressure measure-

ments are made at 25 foot increments during both descent

1000 psig. At 0 and 200 fsw only the regulators are

additionally tested at 3000 psig and 500,400,300 and 200

psi over bottom pressure.

3. Standards

The breathing resistance characteristics of

open circuit SCUBA regulators are currently considered

satisfactory when they meet the peak pressure limits of

Figure 1 when tested in accordance with Sections III.A.l

and III.A.2 herein.

18



B. Changes Under Consideration

The only significant changes to the apparatus proco:d.,

and standards detailed in Section III. A. under consider-

ation at this time are those proposed in Reference 7.

Reference 7 has proposed that the current peak pres:,w

standards shown in Figure 1 be replaced with external wo011.

of breathing standards as shown in Figure 7. Note that t!

proposed standar&- ,.re independent of depth in the depth

range 0 to 1000 fsw.

Reference 7 has also recommended that the test con,-

ditions be broadened to include respiratory minute voIlum1t

of 22.5, 40 and 62.5 liters per minute produced by breath

ing rates of 15, 20 and 25 breaths per minute at tidal.

volumes of respectively 1.5, 2.0 and 2.5 liters. Ther

recommended waveform in each case is a flattoned sinusoid

with a ratio of peak flow rate to minute ventilation of

2.7 (the present true sinusoid has a ratio of 3.14) and .1

ratio of exhalation to inhalation time of 1.1/1.0.

Aside from the slight change in the respiratory waveform,

the 40 liter per minute respiratory minute volume test

condition is the same test condition currently in u 'e. i

62.5 1pm RMV test condition, however, represents a tef,,

dition substantially more severe than the present 40 1pm

test condition.

Moving 1 liter of gas in and out of one's mnouth ()r

in and out of a breathing machine) against a volume-aver:i,,

19
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resistive pressure of 1 .ur. H20 results in the expenditure

of 0.02 Kg-m of work. Therefore, the limit of .17 Kg-m

external work der liter of ventilation recommended by

Reference ' requires that the average inhalýtion and

exhalation pressures be less than 8.5 cm H20, independent

of both depth and respiratory minute volume. Due to the

nature of SCUBA regulators, volume-average respiratory

pressures of 8.5 cm H20 usually correspond to peak respiratory

pressures of 10-11 cm f 20. See Figure 6. There the average

exhalation pressure is 8.4 cm H2 0; the peak, 10 cm H20.

The average inhalation pressure is 9.1 cm H 0; the peak,
2

11 cm H20.

Thus adoption of the external work of breathing stand-

ards proposed by Reference 7 will in effect require open

circuit SCUBA regulators to exhibit peak reEpiratory

differential pressures of not more than about '0 cm H20,

independent of depth and respiratory minute volume. At

a 40 1pm RM17, this represents a standard less severe than

the present one at depths less than 50 fsw, and more severe

at depths greater than 65 fsw. Between 50 and 65 fsw at 40 1pm

RMV the two standards are essentially equal. (See Figure 1)

Sufficient test experience has not yet been accumulated

to determine the effect of the standards proposed by

Reference 7 in SCUBA regulators currently in U. S. Naval

service. It is expected that almost all of them will pass

21



the 40 Ipm RMV test and that very few of them will pass the

62.5 1pm RMV test except at depths very near the surface.

For more details on the proposed standards, the reader

is referred to Reference 7.

22



IV. CONCLUSIONS

1. The swimming test defined by MIL-R-24169A and MIL-

R-19558A is impractical.

2. The breathing machine test specified by MIL-R- 24169A

and MIL-R-19:58A is not completely defined since the

respiratory waveform is not specified.

3. The minimum supply pressures specified in MIL-R-

19558A and MIL-R-24169A need revision.

23
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"V. RECOMMENt)ATIONS

1. Tt is recommended that the portion of the preproduction

tests identified in MIL-R-24169A and MIL-R-19558A as

the swimming tests be deleted or revised.

2. It is recommended that the external work of breathing

I standards recomnmended in Reference 7 be incorporated

into MIL-R-24169A and MIL-R-19558A after a suitable

trial period.

3. It is recommended that the minimum pressure on which a

requlator must operace satisfactorily be changed to

200 nsi over bottom pressure.

4. It is recommended that auality control tests specified

by MIL-R-24169A, Section 4.7 and MIL-R-19558A, Section

4.5 be reviewed for possible errors.

5. It is recommended MIL-R-24169A and MIL-R-19558A be

reviewed and revised at the earliest practical data

to include the above recommendations as well as any

other changes the review might indicate.
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APPENDIX A

MILITARY SPECIFICATIONS

REGULATOR, AIR, DEMAND, SIN(LE HOSE, NONMAGNETIC, DIVER'S

MIL-R-24169A

26



MIL-R-4;4169A(SHIPS)
22 March 1967
SUPERSEDING
MIL-R-24169(SHIPS)
3 December 1965

(qee 6.6)

MILITARY SPECIFICATION

REGULATOR, AIR, DEMAND, SINGLE HOSE, NONMAGNETIC, DIVER'S

1. SCOPE

1. 1 This specification covers a demand type regulator for use with self contained underwater breathing
apparatus that will provide a diver with sufficient alt- on inhalation and will stop flow of air at the end of in-
halation.

2. APPLICABLE DOCUMENTS

2. 1 The following documents of the issue in effect on date of invitation for bids or request for proposal,
form a part of the specification to the extent specified herein.

SPECIFICATIONS

MILITARY
MIL-D-1000/2 - Drawings, Engineering and Associated Lists.
MIL-M-15071 -Manuals, Equipment, and Systems.
MIL-M-19595 - Magnetic Effect Limits for Nonmagnetic Equipment Used in the Proximity of

Magnetic Influerce Ordnance.

STANDARDS

MILITARY
MIL-STD-8 - Dimensioning and Tolerancing
MIL-STD-105 - Sampling Procedures and Tables for Inspection by AttributesMS33586 - Metals, Definition of Dissimilar,

(Copies of specifications, standards, drawings, and publications required by suppliers in connection
with specific procurement functions should be obtained from the procuring activity or as directed by the con-
tracting officer.)

2. 2 Otherjpublications. - The following documents form a part of this specification to the extent speci-
fied herein. Unl-ss oY•'eer•ise indicated, the issue in effect on date of invitation for bids or request for pro.
posal shall apply.

AMERICAN SOCIETY OF MECHANICAL ENGINEERS
ASA B46. I - Surface Texture.

(Application for copies should be addressed to the American Society of Mechanical Engineers, 345 East
41th Street, New York, N.Y. 10017.)

NATIONAL BUREAU OF STANDARDS
Handbook H28 - Screw Thread Standards for Federal services.

(Application for Lopies should be addressed to the Superintendent of Documents, Government Printing
Office, Washinjpton, D. C. 20402.)

OFFICIAL CLASSIFICATION COMMITTEE
Uniform Freight Cladsification Rules.

(Application for copies should be addressed to the Official Classification Committee, 1 Park Avenue at
33rd Street, New York, N.Y. 10016.)

1P72201
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MIL-R-24169A(SHIPS)

(Technical society and technical association specifications and standards are generally available for
reference from libraries. They are also distributed among technical groups and using Federal agencies.)

3. REQUIREMENTS

3. 1 Qualification. - The regulator assemblies furnished under this specification shall be a product which
is qua lifid (or istinig on the applicable qualified products list at the time set for opening of bids (see 4. 2 and
6.3).

3.2 PreproductionL unit. - Before production is started, two regulator assembi es shall be submitt, d for
testing in acco'rcLnce with 4.3.

3.3 Material. - All material used shall be nonmagnetic and, except as specifically authorized in this
specification, shall be made from metals suitable to the intended purose.

3.4 Dissimilar metals. - Dissimilar metals as defined by MS-33586 shall not be placed in contact with
each other.

3.5 Screw threads. - Screw threads shall be in accordance with Handbook 1H28.

3.6 Surface roughness. - Surface finishes of working parts shall be in accordance with ASA B46. 1. Sur-
face finish of outside- surfces shall have a maximum roughness height rating of 125 prior to the application
of any finisht.

3.7 Demand regulator assembly. - The demand regulator assembly shall be two stage design. Reference

to the dematid regulator assembly-i"o regulator assembly shall be understood to include the first stage (high
pressure) regulator, the connecting hose and the demand regulator, including all subassemblies and affixtures
thereto. The first MLage or high pressure regulator shall be back-mounted, i.e., affixed to the high pressure
cylinder manifold which i- attached to the high pressure air cylinder(s) carried by the diver on his back. T•
first stage regulator shp'ii be mounted to extend from the manifold no more than 3 inches toward the diver
(see figure 1). The second or low pressure stage, hereinafter referred to as the demand regulator, shall be
connected to the high pressure stage by the hose of 3. 15. The mouthpiece, exhaust valve(s), exhaust mani-

fold and demand regulator shall be a single integral unit.

3.17. Purge feature. - The demand regulator shall include a feature that will allow a diver to dopress its

diaphragm in order to cause it to free flow, purging its mouthpiece of water.

3,8 1pi 4yrossures. - The demand regulator assembly shall function in accordance with this specifi-
cation with supply pressures from 3,000 pounds per square inch (psi) to 200 psi. The high pressure regula-
tor shall withstand application of 5, 000 psi hydrostatically without sustaining damage,

3.9 Contiu apu fioW. - The demand regulator assembly shall be designed so that regardless of the

swimmer's position, continuous flow will not occur.

3.10 Leakage. - The demand regulator assembly shall not leak (see 4.7.2).

3. 11 Manifold connection. - The demand regulator assembly shall be compatible with the manifolds, single
and twin cylinder type, currently in the Navy System, connection being accomplished with a yoke type fitting,

3. 12 Parts exposed to pressure. - All parts subjected to pressure F'.all be made of brass.

3, 13 Exterior finish. - Externally exposed parts shall have a dull black nonreflecting finish which shall
neithvr crumble or flake, The finish of exposed metal parts will be non-corroding. The finish will be easily
repairable by operators. Materials required to maiatain and repair the finish shall be furnished in small
amounts, with the special tools of 3.23.

3. 14 Nonmianethc requirements, - The demand regulator assembly shall meet the requirements of
MIL-M-19595 c cept that the limit shall be 0.05 millioersteds, Each stage of the regulator assembly shall
he legibly and permanently stamped, etched or engraved as follows:

"(Nonmagnetic low mu)

2

28

A



MIL-R-24169A(SHIPS)

3. 15 Hose. - The hose connecting the high pressure stage and the demand stage shall be exceedingly
flexible. It shall be resistant to deterioration due to exposure to sunlight, salt water and oil or other hydro-
carbons. It shall have a safe working pressure of 250 psi.

3.15. 1 Hose couplings. - One of the hose couplings shall be a "swivel" type connection that will allow the
alignment of the-hose to be changed to eliminate torques that would otherwise be transferred to the mouth bit.
The hose with coupling- ihall be between 24 and 26 inches long, The hoses with couplings that will be preO-
sented for delivery shall have been tested to 250 pounds per square inch gage (psig) with a static tension of
50 pounds applied at the couplings.

. 16 Hihpressure filter. - The air inlet of the first stage regulator shall have a sintered bronze filter.
The filter p~ro'-i•.-s-hallW-determined on the basis of the valve opening of the demand regulator,

3. 17 Protective cap, - There shall be a protective cap of plastic or other suitable material for the air
inlet. The'Orotectlve cap shall be secured to the yokc fitting by some flexible ineans to preclude Its loss
when riot in use,

3.18 Exhaust..gas. - Exhaust gases shall be vented in a manner such as to least inhibit the divers vision,
3. 19 Mechanical peak inhalation and exhalation pressures. - The demand regulator assembly shall ex-

hibit, at a-m-nNiinmi, -the6ii4N-ues 1i laW-i•nd .' •ion pressures of figure 2 when tested on a
mechanical breather in accordance with 4. 3. 1 in ambient pressures up to the equivalent of 200 ft. of sea
water,

3.20 Subloct~ve peak iiA.Žntion and exhalationpress.,res. - The demand regulator ussembly shall dem-
onstrate, at-a maximumi, t'he -ala|, ofpeakilaion and -xalation pressure of figure 2 when used by a
typical V. S. Navy diver having a maximum tidal volume of 5 liters at simulated depths up to 200 feet of sea
water swimming against a 12-pound force (see 4. 3, 2).

3.21 Steoady flow inhalation and exhaust pressures, - When tested in accordance with 4, 7. 3, thN regulator
assembly s-- jI- Jil -t---Fte--li--iy-Tnhalt 6nprei±'-e not to exceed 5 inches of water. When t,!sted in
accordance with 4, 7. 5, the steady flow exhaust proissure shall not exceed 4 Inches of water.

3, 21.1 Steady flow inhalation pressure va.lation with flow rate, - The steady flow inhalatio'i pressures
required by -d•iidre-ul-F6 i's'i--"Th--fii•-6'ites shall be no greater ihr.o the values
of figure 3.

3.22 Flow rates, - When tested in accordance with 4. 7. 4, the air flow rate at reduced pressure shall be
not less than 60 percent of the air flow rate at the initial air supply pressure.

3,23 Special tools. - The design of the regulator shall be such that the need of special toohl for adjust-
ment and niarih-tihiii'Ece-hiall be kept at a minimum. Sufficient special tools shall be supplied as a part of
each regulator assembly to adjust and maintain it. Special tools are defined as those tools, nonmagnetic in
accordance with MIL-M-19595, not listed in the Federal Supply Catalog, Department of D•efense Identifica-
tHon Liat. (Copies of this catalog may be consulted in the office of the Government Inspector.)

3,24 DrawingKs.- Drawings in accordance with MIL-D-1000/2 sh;ill be furnished to the Command or
agency concerned. Dimensioning and tolerancing shall be in accordance with MIL-STD-8, surface finishes
shall be indicated in accordance with ASA B46. 1.

3.25 Manuals,. - One complete manual, in accordance with type If of MIL-M-15071, shall be furnished
with each demand regulator assembly, MLanuals required in addition to this amount will be called out in the
contract or order (see 6.2). The manual will call particular attention to the maintenance requirements,
preventative and routine, inherent to the nonmagnetic characteristics of the regulator. The manual shall
also include instructions for maintaining and repairing the black, nonreflecting exterior finish of the
regulator.

3. 26 Workmanship - Workmanship shall be first class in every respect,

4. QUALITY ASSURANCE PIROVISIONS

4. 1 Responslbllity for Inspection. - Unless otherwise specified in the contract or purchase order, the
supplier Is -esjponlbI-e or ih p~e--rfmance of all inspection requirements as specified herein. Except as

3
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otherwise specified, the supplier may utilize his own facilities or any commercial laboratory acceptable to
the Go~vernment. The Government reserves the right to perform any of the inspections set iorfh in the. specd-
fication Whc-1rc such inspections are deemed necessary to assure supplies and services conform to prescrd'ed
requiremollILJ.

4.2 Qualification tests. - When authorized by the Naval Ship Engineering Center, the manufacturer shall
submit a 4'amip v egulator iv~sembly with special tools specified in 3. 23 (see 4 2. 1) to the Officer in Charge
of the U. S. Navy Experimental Diving Unit, Navy Yard, Washington, D. C. VII-4n' tor testing in accordance
with 4.3:. 1 and 4.3. 2 for conformance with 3, 19 and 3.20, and for determinaitl. If tilt SLfficiency of the
special tools ('we 3. 23 and 4. 2.* 1).

Application for Qualification tests shall be made in
accordance with "Provisions Governing Qu.adifica-
tion " (see 0. 3 and 0. 4).

qi ~4. 2. 1 Quillif ication sample tools. - The special tools specified in 3. 23 that are supplied as part of the
qualificeatilon _s'ani pie-- n-eed not be lionmtiagnetic.

4. 3 Preproduction tests. - Prior to submission to the Government laboratory (see 3. 2), the preproduc -
R'i4 ~~tion units s'poeiffd -n L24iiall be tested at the place of manufacturv, under the surveillance of the Govern-

ment Inspector, to be in accordance with the requirements of section 3, except 3. 14, 3. 19, 3. 20 and as
specified elsewhere in this specification. The preproduction units ilhall then be submitted to the Officer in
Charge, Experimental Diving Unit, Navy Yard, Washington, D, C, 20300 for testing inl aCCordance With
4. 3. 1, 4, 3. 2 and 4, 3, 3 for conformance with the requirements of J, 14, 3. 10, and 3.,20.

4, 3. 1 Mechanical peak Inhalation and exhalation pressure test. - The suitability of the preproduction
unitr for swimming to 200 feet in-sea water'shall bo tested by a simulated breathing test using a breathing
machine having a tidal volume of two liters set at a rate of 20 breaths per minute, For at given ambient
pressure, the( ma:,,itnutn pressure differential obscr'.ed between ambient pressure and pressure inside the(

mouthpiece during any Inhalattioni cycle shall be the mechanical. peak inhalation pressure. For a gt-mi ambie)Lnt
Pressure, the( mnaximum prcosurc differential observed between amblont pressure and pressure inside the
mouthpivece doring any exhalation cycle shall be the( mechanical peak exhabition pre!Asurv (siee 3, 19).

fy4 .3 . 2 Sulbeciv pvIak Inhalattion and exhalation pressure test. - When prepro ductilot units hiive success-
fulypaso~hýJ__ ý, O'4 j_,_l'o'-Shallb 0 additionally temted using the arrangement shown onl figure 4,

For gien dpth th maximium prpssure differential observed between amibient pressuro at mouuthpiece
level and pressure inside the mouthpiece during any inhalation cycle shiall be the( Hubs( c'tive peak hil'a lat ion
pressure. For at griven depth the maximum pressure differential observed betwe.on amibiont p~ressure at

mot)uthpieoCe hv itV and prosnvure inside the mouthpiece during any oxhalation cycle shall be the# subjective peak
exhalation pressure, (see 3. 20), .

4, 3. 31 Preproduction magnetic signature determination. - The preproduction demand regulator assembly
units and tools shall be tested for compliance with MIL-M-19595, except that the(, limit shall be 0.05 mil~lier-
stvds for the demnand rvgrulator assemblies (see 3. 14),

4. 4 Prodildt~ magniatltIc signzature determinat ' on. - Production demand regulator assembly units and

toolis shall be subjve td to 100 percent testing for compliance with MIL- M- 19595, except that the( limit shallI

bv 0, 05 mil liovi-stmds (see 3. 14).
4. 5 Samplinig. -

4, 5. 1 Lot, - All regulators offered for delivery at one time shall b~e considered a lot.

4. 5,2 Sampling for visual and dimensional examination. -From each lot of regulatoratssemblies, samples

shall be selected for exa mination in accordance with MIL-STD- 105 at General Inspection Le vel Ill for the I
exaM~inaitionl spuillvt ildln 4.0

4. 5, :1 &-impling lot' operating tvsts. - Fr'om euc.h lot of regulatr asp-mblies, samples shall be selected
frtesting Ill avc, idancv withI speciai inspection level S-4 of MIL- STD- 105 for the( tests spe'ctifid in 4. 7.

;4. 6 .,4 lit I climonativo Inspection. - ach of the sample regulator assemblies selected in accordance
with 4. 5. 2 uiibe il i neted to ve'rify 'confoIrniance with all of the t equire metits of this sipec'ificat ion which

4
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do not involve the tests in 4.7, Any sample regulator having one ar more defects '.iall iot be offered for de-
livery. Lots shall be accepted or rejected in accordance with Acceptable Qt,.....y Level (AQL) 1. 5 percent,

4.7 Quality conformance operationaltestxa.idlprocedures. - E,'ch of the sample regulator assemblies
selected in accordance with 4. 5. 3 shall be subjected to the tests specified in 4.7. 1, 4. 7. 2, 4, 7. 31 4.7, 4 and
4. 7. 5 to meet the requirements of section 3 (see 4. 5. 3).

4, 7. 1 Hydrostatic test. - The high pressure regulator of each sample shall be hydrostatically tested not
to sustain damage at 5, 000 psi applied internally. The high pressure regulator shall not leak during this
test (see 3. 8).

4, 7. 2 General setup and leakage test. - The sample regulator assembly shall be mounted in the test tank
and shall be connected to the appropriate inlet and nutlet air lines as shown on figure 5. The main throttlnil,
valve of figure 5 shall he closed and high pressure air, at a pressure of 3, 000 plus or minus 25 prunds per
square inch gage (psig), shall then be supplied to the regulator assembly. The tank shall then be p.:tially
filled with water tip to a level such that the assembly under test Is submerged to a depth of 2 inches at Its
highest point. Causes of air leakage from the regulator assembly shall be determined and if found to be due
to mismathng with the test apparatus, eliminated. Low pressure air shall then be admitted into the top) of the
tank and the pressure raised to and maintained at 5 plus or minus 0. 2 psig foir all tests. All tests shall be
conducted at ain ambient temperature of 70' plus or minus 5"F. Le akage at any time, other than that du( to
mlsniating with the test apparatus or anmbIent pressure decrease, L -111 be cause for failure of the leakage
test (see 3. 10).

4, 7. 3 Steady flow inhalation pressure test, - The main throttling valve of figure 5 shall be adjusted to a
setting such that an air flow rate through the all outlet line, as indicated on the direct reading flowmeter, of
6 plus or minus 0. 25 cubic feet of free air per minute is attained and sustained, Determinations shall be made
under steady flow conditions of the, pressure differential as indicated by the water manometer and the head of
water above the center of the demand valve diaphragm as Indicated bIy the tape rule mounted Inside the tank,
tte sum of these pressures, In inches of water, being the Steady Flow Inhalation Pressure (see 3, 21).

•1. 7, 4 Flow rate test, - The throttle valve In the all outlet line shall be opened slowly and shall lie ad-
Justed to a setting such that the air flow rate through the air outlet line, as indicated on the direct reading
flowmeter, is 8 plus or minus 0. 3 cubic feet of free air per minute. When steady flow conditions have beein
obtained, the total pressure difterential on the sample shall be noted, With this valve held constant by suit-
absl adjustment r,( thc throttle valve in the ;ilr outlet line, th, air supply pressure to the sample assenmbly
shall be reduced f rom 3, 000 psig •o 200 plus or minus 10 pslg, When steady flow conditions hav, again Ibeen
obtaii,ed thp flow rate will again ble noted, This all flow rate shall be the air flow rate at reduced pressure
(Samples equipped with air reserve valves shall have the aill reserve valve in the open position fo• this test.
(see 3, 22),

4, 7, 5 "teady flow exhalation pressure test. - The pressure differential necessary across the installed
exhaust valve to sustain a flow throulih the exhaust valve of 6. 00 k -. 25 CFM while exhausting to i oxn1..
pressure of 0. 083 psig (or 2-1/4 inches of water) shall be deternii•tud, The demand (second stage) relrna-
tor shall be Immersed to a minimum depth of two inches in water, secured In that attitude in which it will
normally be held in the mouth of a diver while swimming. Low pressure air will be supplied to the mouth-
piece by a system which shall contain devices for measuring flow through the mouthpiece and pressure in-
side the mouthpiece, The pressure at the highest (shallowest) point of tihe highest port through which air
passes to the surrounding water Is the ambient exhaust pressure, 13y means of the low prcssure air supply,
a steady flow of 6, 00 * 0. 25 CFM of air shall ble sustained from tihe mouthpiece through the exhaust valve and
the exhaust manifold to the surrounding water, The differential betweenl the pressure observed inside the
nmouthplece during the sustained flow and the ambient exhaust pressure shall be the Steady Flow Exhaust Pres-
sure. To start the test, the exhaust manifold shall be filled with wateir, (see 3. 21).

4. 8 Inspection of preparation for delivery. - Preservation, packaging, packing, and marking shall le
inspected to assure compliance with section 5 of this specification.

5. PRtEPARtATION FOR DELIVERY

5, 1 Domestic shipment and early equipment use. -

5. 1, 1 Packaging. - Special tools (see 3.23) shall be wrapped and enclosed in a snug-fitting box. Thisbox, a demand regu•ator assembly (see 3. 7) and a manual (see 3. 25) shall be suitably ('ushioned and boxed

5
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in a single package in accordance with the suppliers best commercial practice sufficient to afford adequateprotection against physical detnage during shipment from the supply source to the using activity for immedi-
ate use.

5. 1.2 Packin. - Packing shall be accomplished in a manner which will insure acceptance by common
carrier, ;it I'west rate, and will afford protection against physical or mechanical damage during direct ship-
men( from the supply source to the using activity for early installation. The shipping containers or method of
packing shall conform to the Uniform Freight Classification Rules and Regulations or other carrier regula-
tions as applicable to the mode of transportation and may conform to the suppliers commerical practice.

5. 1. 3 Marking. - Shipment marking information shall be provided on interior packages and exterior
shipping containers in accordance with the contractor's commerical practice, The information shall include
nomenclature, Federal stock number or manufacturer's part number, contract or order number, contractor's
nanoit and destination,

5. 2 I)omestic shipment and storage or overseas shipment. - The requirements and levels of preserva-
tion, packaging, packiii-g---rii-ririii"g •0-r-s i'h'•eat-s•T[be s-apecified by the procuring activity (see 6.2).

(5, 2. 1 The following provides various levels of protection during domestic shipment and storage or over-

seas shipment, which may be required when procurement is made (see 6. 2).

5. 2. 1. 1 Preservation and packaging. -

5.2, 1. 1. 1 Level A. - Preservation and packaging shall be in accordance with MIL-P-116 as follows:

(a) Tool9s. - Meeting the requirements of Method 1II, special tools (see 3, 23) shall be wrapped and

contained in a snug-fitting folding or set-up paperboard box conforming to the requirements of
PPP-11-566 or PPP-B-676 at the option of the shipper, Box closure shall be in accordance
with the appendi:' to the applicable box specification.

(b) Demand regulator assembl., - Each demand regulator assembly (see 3.7) shall be packaged in aheat saled natcbg.......... .........t...e....d p-st•bag,

(c) One set of special tools, one demand regulator assembly and a manual (see 3. 25) shall be cush-
ioned and packaged in a snug-fitting fiberboard box conforming to PPP-B-636. Box closure
and sealing shall be in accordance with the box specification.

5.2.1.1.2 Level C.- Level C shall be as specified in 5.1.1.

5.2, 1.2 Packing. -

5.2, 1,2. 1 Level A, - Equipment, packaged as specified (see 6.2), shall bo packed in fiberboard bLxes
conforming to PPP-B-636 (class weather-resistant) or PPP-B-640 (Class 2) at the option of the contractor.
All center and edge seams and the manufacturers joints shall be sealed and waterproofed with pressure son- ¶I
sitive tape in accordance with the applicable fiberboard box specification. Box closure and banding shall be
In accordance with the applicable box specification, when specified (see 6. 2), Unit fiberboard containers co•n-
(orminin to class weather-resistant, closed, sealed and banded as specified herein, may be used as the ship-
I)hig container nod need not be overpacked.

5, 2. 1. 2.2 Level B. - Units of basic equipment, packaged as specified (see 6.2), shall be packed in '
fiberboard boxes conforming to PPP-B-636 (class domestic) or PPP-B-640 (class 1) at the option of the con-

tractor. Shipping containers shall be closed and banded in accordance with the applicable container specifi-
cation, except that fiberboard containers may uU. sealed with tape conforming to PPP-T-45. When specified
(,scc 6. 2), unit (ontainers closed, sealed and banded as specified herein may be used as the shipping con-
father and need not be overpacked,

5. 2. 1. 3 Marking, - In addition to any special marking requirements, interior packages and exterior 'I
olippk•n containers shall ')e marked in accordance with MIL-STD-129.

6. NOTES

t. 1 Intended use. - The regulator covered by this specification is intended to supply life support air to
a diver. it is to provide a flow of air to the diver upon his inhalation and to stop the flow of air upon the end
of Itnhalation.

6

32



MIL- R-24169A(SHIPS)

6.2 Ordering data. - Procurement documents should specify the following:

(a) Title, number, and date of this specification.
(b) Number of extra manuals required (see 3. 25).
(c) Preservation, packaging, packing, or marking requirements other than those required by 5. 1

(see 5.2).

6.3 With respect to products requiring qualification, awards will be made only for products which are at
the time set for opening of bids, qualified for inclusion in applicable Qualified Products List 24169 whether
or not such products have actually been so listed by that date. The attention of the suppliers is called to this
requirement, and manufacturers are urged to arrange to have the products that they propose to offer to the
Federal Government tested for qualification, in order that they may be eligible to be awarded contracts or
orders for the products covered by this specification. The activity responsible for the qualified products
list is the Naval Ship Engineering Center, Department of the Navy, Washington, D. C. 20360, and informa-
tion pertaining to qualification of products may be obtained from that activity. Application for Qualification
tests shall be made in accordance with "Provisions Governing Qualification" (see 6, 4).

6.4 Cop•io of "Provisions Governing Qualification" may be obtained upon application to Commanding
Officer, Naval Supply Depot, 5801 Tabor Avenue, Philadelphia, Pennsylvania 19120.

6. 5 Preproduction. - Invitations for bids should provide that the Government reserves the right to waive
the requirement for preproduction samples as to those bidders offering a product which has been previously
procured or tested by the Government, and that bidders offering such products, who wish to rely on such
production or test, must furnish evidence with the bid that prior Government approval is presently appropri-
ate for the pending procurement.

6.6 CHANGES FROM PREVIOUS ISSUE. THE EXTENT OF CHANGES (DELETIONS, ADD4TIONS,
ETC.) PRECLUDE THE ANNOTATION OF THE INDIVIDUAL CHANGES FROM TIlE PREVIOUS ISSUE OF
THIS DOCUMENT.

Preparing activity:
Navy - SH
(Project 4220- NO76Sh)
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DEMAND REGULATOR

HOSE

HE 0 HIGH PRESSURE
REGULATOR

3" MAX.

-MANIFOLD

CYLINDER (S)

YOKE TYPE FITTIN3G

SH8427

Figure 1. - First stage regulator extension limitation.
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ItREPIORATOY PIRESSURE IN CI OF WATER

Peak ishalti.m pressu, Ok wdo o tion pressure

'U

- - -i -_ _ _

Si

Figure 2 - Respiratory pressures.
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FULCRUM POINT
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-WEIGHTED CROSSBAR IL PULLEY
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-- u-u•-SWIMMER
$14 1410 SSH 14I X

1'POINTER

Fljure 4. - Simulated swimminr it arrangement,
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MIL-R- 19558A(SHIPS)
AMENDMENT- 1
7 January 1963

MILITARY SPECIFICATION

REGULATOR, AIR, DEMAND, DIVER'S

This amendment forms a part of Military Specification MIL-R-19558A(SHIPS), 17 May 1960.

Page 2, paragraph 3.3: Delete and substitute:

"3. 3 'T'he iornan I regulator nay be either a single or two stage type. The demand regulat.,r shall be
configured such that when mounted (n a cylinder manifold, it shall not extend toward the diver's head more
thrin 3-3,4 Inches from the center the manifold as shown on figure 6,.'

P ge 2, paragraph 3. 10: Add as last sentence:

"The inlet and outlet breathinj tubes shail be located such that the inlet breathing tube shall be to the
diver's right side and the outlet breathing tube shall be to the diver's right side and the outlet breathing tube
shall be to the diver's left side (sve figure 6)."

Page 6, paragraph 4. 1: Delete and substitute:
"4. 1 IHesponsibili!y for inspectloa. - Unless otherwise specified In the contract or purchase order, the

supplier is rusponsb1 fir "lh-e perf-rmance of all inspection requirements as specified herein. Except as
otherwise specified, the supplier may utilize his own facilities or any commercial laboratory acceptable to
the Government. The Government reserves the right to perform any of the inspections set forth in the
specification where such Inspections are deemed necessary to assure supplies and services conform to pre-
scribed requir.!ments."

Page 6: Add the following as "Figure 6"

-,'H "usDMItIONAV

Figure - 6.

Preparing activity:
Navy - Ships
(Project 4220-N037Sh)

FSC 4220
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MIL-R- I 9558A(SHIPS)

MIL-R-19558(SHIPS)
14 August 1956

MILITARY SPECIFICATION

REGULATOR, AIR, DEMAND, DIVER'S

1 SCOPE Parts for Electrical and
Mechanical E~julpment

I 1 This speciflcation covers a demand type (Naval Shipboard Use).
regulator for use with self-contained underwater
breathing apparatus that will provide a diver with
sufficient air on inhalation and will stop flow of air
at the end of inhalation. MIL-P-17555 Preparation for Delivery

of Electronic Equipment;
2. APPLICABLE DOCUMENTS Miscellaneous Electrical

Equipment (Except Rota-
2.1 The following documents of the Issue in ting Electrical Equipment)

effect on date of invitation for bids form a part of and Associated Repair
this specification to the extent specified herein; Parts.

SPECIFICATIONS STANDARDS

FEDERAL MILITARY

PPP-B-585 - Boxes, Wood, Wirebound. MIL-STD. 105 - Sampling Procedures and
Tables for Inspection by

PPP-B-591- Boxes, Fiberboard, Wood- Attributes.
Cleated.

MIL-STD- 121 - Marking fur Shipment and
PPP-B-601- Boxes, Wood, Cleated- Storage.

Plywood,
DRAWINGS

PPP-13-6ZI- Boxes, Wood, Nailed and
Lock-Corner, BUREAU OF SHIPS

PPP-B-636- Boxes, Fiber. S7603-1,543,I56- Demand Apparatus
Breathing Tube.

PPP-T-76 - Tape, Pressure-Sensitive
Adhesive, Paper, Water (Copies of specifications, standards, drawings
Resistant, and publications required by contractors in connec.

tion with specific procurement functions should be
PPP-T-97 . Tape; Preasure-Sensitive obtained from the procuring activity or as directed

Adhesive, Filament by the contracting officer,
Reinforced.

o. Z2 The following document forms a part of this
MILITARY specification to the extent specified herein. Unless

otherwise indicated, the issue in effect on date of
MIL-P-l 16 - Preservation, Methods of, invitation for bids shall apply,

MIL-D-963 - Drawings, Production', OFFICIAL CLASSIFICATION COMMITTFE
Electrical Hull and
Mechanical Equipment. Uniform Freight Classification Rules.

MIL-B-10377 ,Boxes: Wood-Cleated, (Application for copies should be addressed toMVeneer, Paper Overlaid, the Official Classification Committee, I Park

Avenue at 33rd Street, New York 16, New York. )
MIL-L-10547- Liners, Case, Wt,.,proof.

REQUIREMENTS
MIL-M-150?l - Manual, Technical, for

Mechanical and Electrical 3. 1 Preproduction unit. - Before production is
Equipment (Less Elec- started, a regulator sha& -be submitted for testing in
tronics). accordance with 4.2.

MIL-P-15137 - Provisioning and Technical 3.2 Material. - All material uimed shall be non-
Documentation for Repair magnetic and, except as specifically acuthorired in
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MIL-R- 19558A(SHIPS)

this specification, shall be made from appropriate 3,8 All parti subjected to high pressure shall
metals suitable for the purpose intended, be made of brass, The metal parts shall be coated

to give maximum resistance to corrosion and inhibit
3. 3 The demand regulator ma- be either a collection of vertigris.

single or two stage type. 3, 9 The complete demand regulator shall have a

3.4 The demand regulator shall operate in ac- nonmagnetic permeability of not more than 1. 004.
corda.,ce with all requirements of this ipecification 3, 10 In inlet and exhaust breathing, tubes shall
when used with high pressure air flasks. When be of proper size to connect to a 1- inch inside
using high pressure cylinders the apparatus shall diameter (i.d. ) corrugated hose shown In Drawing
operate satisfactorily in accc rtlnce with this S7603- ,543, 156, There shall be a bead on the
specification when s,..'mnning to 200 feet. regulator inlet and exhaust tubes, The bead shall

3. S When used with high pressure cylinders the fit into the first corrugation of the breathing tube.33. 11e Thed with inlgh ofssr thener deadheuatro
demand regulator shall function in accordance with firs The air inlet of the demand regulator or
this specification from 3000 pounds per square first stage regulator shall have a cindered bronze
inch (p. a. I,) to 100 p , filter, The filter porosity shall be determined onthe basis of the valve opening of the demand regu-

3.6 T'e demand regulator shall be designed so lator,
that regardless of the swimmer's position the 3. 12 The exhaust valve shall be located so that
regulator will not give continuous flow. the bubbles will not interfere with diver's vision

regardless of his position in any direction,
3. 7 The demand regulator snail be compatible

with a manifold consisting of a plug in each 3. 13 The demand regulator or frst stage and
cylinder leading to a common yoke type valve, It demand regulator combination shall pass not less
shall he mounted tit rectly to the kylinder manifold than tht' quantities of gas shown on figure I when
valve through a yok, v typv fitting, tsted tin accordance with .I. 5. A

O .30 ,

'-4 -KK

K, J -
0J 2

N ~Ca
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RESPIRATORY PRESSURE IN CM Of WATER
INHALATION EXHALATION
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MIL-R - 19558 A(SIIIPS)

INDICATING TYPE -THERMOMETER
AIR FLOW METER\ \AIR OUTLET

TANK PRESSURE GAGE PRESSURE TIGHT TANK TMOSPHETAPE RULE \RELIEF VALE TANK VENT MAIN THROT TLIN\G

LOW PRESSUREAIR AIR AIR PESRE
RE'OULATOROULT G E

STATIC PRESSURE 1II, "* I1 /
LOW PRESSURE AIR SUPPLY STATIC PRESSURE

HIGH AGPRESSURE • AIR "-

SHEAD OF WATER WAE

HIGH PRESSURE

AIR REGULATOR

HIGH PRESOUR
AIR SUPPLY

WATER SUPPLY--

S' 12 DIFFERENTIALI |H 41•'WATER MANOMETER

F A - PRESSURE TAP AT TANK TOP AIR SPACE.
D - PRESSURE TAP AT DEMAND VALVE DIAPHRAGM.
M - PRESSURE TAP AT DEMAND ASSEMBLY MOUTH-

PIECE OR FACE MASK,

3. 14 The demand regulator in combination with 3 17 Flow rate. - When tested in accordance
breathizng tubes, mouthpiece, or face mask shall with 4. 5. 2, the total differential pressure, or

have satisfactory inhalation and exhalation pres- suction, on the sample valve, required to produce
sure, w: h a man swimming at speed of I mile per the specified flow rate, shall not exceed 5 inches of
hour an,; have a maximum tidal volume of 5 liters, water. When tested in accordance with 4. 5.4, the
The inhalation and exhalation pressures shall not differential pressure resulting from the specified
exceed the values shown on figure 2 for machine flow rate shall not exceed 4 inches of water.
test with breathing tubes and mouthpiece or with
mask when tested as specified in 4.2. 3.18 . upply pressure. - When tested in accord-

ance with .5.3 th ir-''ow rate at reduced
3. 15 The demand regulator in combination with pressure shall be not less than 60 percent of the air

breathing tubes and mouthpiece or face mask shall flow rate at the initial air supply pressure.
not have inhalation or exhalation pressures which
exceed 200 centimeters of water at 200 feet when 3. 19 Repair parts.- The bidder shall submit a
swimming against a 12-pound force (see 4.2). list of recoiUended r-epair parts for approval of the

bureau or agency concerned. The repair parts
3. 16 There shall be a plastic or other suitable shall be in accordance with Specification MIL-P-

protective cap for the air ports. 15137.

47
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MIL-R-1I9558 A(SHIPS)

3.2 pcal tools, - The design of the regulator 3.23 Workmanship. rmnhpsalb i~
shall be liT~~t the need of special tools for casi vr ep~
adjustment and maintenance shall be kept to a
minimum, Special tools shall be oupplied by the 4. QUALITY ASSURANCE PRO)VISIONS
contractor. A list of special tools shall be supplied
to the bureau or agency concerned (or approval. 4. 1 The supplier is responsible for the perform-
Special tools are defined as those tools not listed ance of &.I inspection requirements an specified here-
in the Catalog of Naval MIaterial, General Stores in. Except as otherwise specified, the supplier may
Section, (Copies of this catalog may be consulted utilize his own or any other inspection facilities and
in the office of the Gov . nment inspector. ) services acceptable to the Government. Inspection

records of the examination and tests shall be kept
3. 21 Drawings. - Drawings shall be in accord- complete and available to the Government as specifiedlxance with N-pe~~ifcton MIL-D-963 a'-A shall be in the contract or order. The Government reserves

furnished to the bureau or agency concerned, the right to perform a&ny of the inspections iiet forth
in the spcciflcatlon whiere such inspections are deemned

3, 22 Technical manuals. - Two complete technical necessary to assure supplies and services confurin to
manuals TInaccordance with typ.! II of Specification prescribed requirements.
MIL-M- 15071 shall be furnis'%ed with each demand
regulator. 4. 2 Preproduction tests. -

INDICA1 ING TYPE AIR FLOW METERHLOW PRESUR DIFFERENTIAL WATER MANOMETERI

ZARREGULATORWAE

EXHAUST VALVE or DEMAND ASCUMBLYI

/DEMAND ASSEMBLY MOUTHPIECE OR FACE MASK

6

48



MIL-R- 19558A(SHIPS'

4. 2.1 Contractot,- Prior to submission of the 4. 5. 2 Flow rate,. - The throttle valve ýn the air
preproductionu-ni-t forteating in accordance with outlet flii T el opened slowlj and shall be
4,,Z, the unit shall be subj'ected to the toots speci- adjusted to a setti such that the air flow rate
(led in 4., Sthrough the air outlet line, as indicated on the.

direct reading flowmeter, is 12 plus or minus 0. 54. 2.2 Government, - After completion of testing cubic feet of [ree air per minute for tests af
in accordance wMFT,-,l, the unit shall b, subjected demand valves and regulators only, or 6 plus or
to the following tests at the Experimental Diving Unit minus 0. 25 cubic feet of free air per minute for testsof the Naval Weapons Plant: of complete demand assemblies, Under steady flow

(a) The first test shall be a simulated breathing conditions, readings shall be taken of the differentialtest using a breathing machine having a pressure, as indicated by the water man, neter, andtestd vusing a breathrn machinehating a t of the head of water above the center of the demandtidal volume of 2 lpttrs and met at a rate of valve diaphragm, as indicated by the tape rule20 breaths per minute, 13(b) The secont' test shall be simulated sw-m- mounted inside the tank. The sum of these pressures.
ming runs using the arrangement shown in inches of water, shall be the differential pressure,
on figure 3 and swimming against a 12- or suction, on the sample under test,
pound force, 4.5, 3 Supply pressure, - The throttle valve in the

4. 3 _S mpling, -a r outlet- .. ''n--- ipq- ed slowly and shall be
a-justed to a setting such that the air flow rate

4.3.1 Lot, - All regulators offered for delivery at through the air outlet line, as Indicated on the direct
one time [•a"•bTbe considered a lot, reading flowmeter, is 8 plus or minus 0, 5 cubic feet

of free air per minute, When steady flow conditions
4.3.2 Snampljninjr visual and dimensional exam- have been obtained, the total differential pressure,

ination anao-w- rate t;•t--' --- regT-- or suction on the sample shall be noted, With this
for examination in valve of suction maintained constant by suitable adjust-

accordA1ce. with Standard MIL-STD. 105 at inspection mient of the throttle valve in the air outlet line, the
level III tot examination of 4. 3 and the flow rate air supply pressure to the sample valve or assembly
test of 4,,5. , shall be reduced from ,000 p. aI. g. to 300 plus or

minus 10 p.w..it, and it reading shall be, taken of
4, 3, t Samplin for operating tests.- From each the air flow rate at this air supply pressure, when

lot ot regkiyiftriF ai-mprleg tht ected for steady flow conditions have again been obtained, This
tesitiig In accordance with inspection %level L-8 of air flow rate shall be the air flow rate at reduced
Standard MIL-STD- 105 and subjected tothe tests pressure, Samples equipped with air re'serve valves
specified in ,C, 5. If any regulator fails in any test, shall have the air reserve, valve in the ,upen, position
the lot shall be rejected. for this test,

4,,1 Examination, - Each of the sample regulato•'s 4,5,4 Exhaust pressure test, - The. exhaust
nelecte'_ Ti'c'c_-o 'e with 4. 3, shall be examined assemblyTnctudFn~j tf"Tý- i;utp or face mask and(
to vertf': ( unformance with all of the requirements all exhalation tub)es and check valves or flapper valves
of this .cification which do not Involve tests, Any shall be mounted in it test tank and connected to a
"regulator having one or more defects shall be re- supply of low pressure air as shown on figure 5.
jected and lots shall be accepted or rejected in The tank shall be partially filled with water to a depth
accordance with acceptable quality level (A. 0. L. of 2 inches above the last exhaust valve. One side of
1.5 percent, . a differential water manumeter shall be connected to

a tap in the mouthpiece or face maskand the other4, 5 Tet procedures. -side shall he c.•nntcted to a tube which hats its openest pend at the same level as the final exhaust valve, The

4. 5. I General, - The sample demand valve and air regulator shall be adjusted to produce a flow of
regulator or comp'ete demand assembly shall be air through the exhaust assembly of 6 plus or minus
mounted in the test tank and shall be connected to 0.25 cubic fent of air per minute,
the appropriate inlet and outlet air lines as shown
on figure 4. The throttle valve in outlet air line 5 PREPARATION FOR UELIVERY
shall be closed and high pressure air, at a prewsure I Presevation and packak~ng (see 6, 1).
of 3000 plus or minus 25 pounds per square inch. . ,.......... ..... .-. e"gage (p.si. i. g. ). shalh then be admitted to the
denmand valve regulator. The tank shall then be 5. 1, 1 Level A, Regulators shall be packaged in
partially filled with water up to a level such that accordanc t pwriese-thod Ive of Spl ciflcatiot MIL-P-
the assembly under test is submerged to depth of 116, Contact preservative shall not be used, The
2 Inches above the top of the sample. The sample inlet and exhaust breathing tube openings shall be
under test shall then be examined for signs of air sealed with plugs and pressure sersitive tape.Sleakage and made completely airtight prior to test,
Low pressure air shall then be admitted into the 5. 1,2 Level C. - Regulators shall be preserved
top of the tank and the pressure In the air space at the and packagrc-liii~icordanLe. with the supplier'm coin
tank top shall be raised to, and m.intained at 5 iercial practice,
plus or minus 0. Z p. q, 1, g. for all tests. All tests
shall be conducted at an ar~ibient temperature of 70'plus or minus 5" F. 5.2 PackinjgL ee 6.2),.-
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MIL-R- 19558A(SHIPS)

5. Z. I Level A. - Regulators, packaged as apecd- acceptance by common carrier and safe delivery at
lied, shalriV•-iVed in overseas type wood cleated destination. Shipping containers shall comply to
fiberboard, nailed wood, fiber, wirebound wood, the Uniform Freight Classification Rules or other
wcod cleated veneer paper overlaid, or wood cleated carrier regulations as applicable to the mode of
plywood boxes conforming to Specification PPP-B- transportation.
591, PPP-B-6Z1, PPP-B-636 class 3, PPP-P-SB5,
MIL-B- 10377 or PPP-B-601, respectively at the 5.3 Rpairparts and accessories. - Repair parts
option of the contractor. Shipping containers shall and accessories m n-d-•ipcT-aTt -('•vin required)
be closed and sealed in accordance with the appendix shall be preserved, packaged, and packed for the
to Specification MIL-L- 10547, Camelinere for boxes level of shipment as specified (see 6. 1) in accord.
conforming to p-f.:ification PPP-B-636 may be ance with Specification MIL-P- 17555,
omitted providmd ail joints and corners of the boxes
are sealed with minimum I-liZ-inch wide tape 5.4 Marking.. In addition to any special marking
Conforming to specification PPP-T-76, Boxes may specifie-Tn-ite €i•ntract or order, each unit and
be closed and strapped in accordance with the intermediate package and shipping container shall
applicable box speci(ication or appendix thereto, be marked in accordance with Standard MIL-STD-
except fiber boxes shall be banded with tape conform- 129.
ing to type IV of Specification PPP-T-97 and the
appendix thereto. The gross weight of wood or wood 6, NOTES
cleated-boxes shall not exceed Z00 pounds; fiber
boxes shall not exceed the weight limitations of the 6,) Ordering data, - Procurement documents
applicable box specification, should psic"1TFth•iowinwl.

(a) Title, mnumber, and date of this specification.
5. 4. Z Level 13.- Regulators, packaged as speci- (b) Selection of applicable levels of preserve-

fied, shal[l •-•d in domestic type wood cleated tion, packaging and packing (see 5,1 and 5.4,
fiberboard, nailed wood, wirebound wood, cleated
plywood or wood cleated veneer paper overlaid Notice,- When 0ovewrnMehen drawings, specifications,
boxes or class 2 fiber boxes conforming to Specifi- or o~ier'-an are used for any purpose other than in
cation PPP-13-591, PPP-lB621, PPP-B-585, connection with a definitely related Government pro-
PPP-B-601, MIL-B-10377 or PPP-B-636, respec- curement operation, the United Statt- Government
tively at the option of the contractor. Box closure thereby incurs no responsibility or any obligation
shall be as specified in the applicable box specifi- whatsoever; and the fact that the, Government may have
cation or appendix thereto, The grots weight of wood formulated, furnished, or in any way supplied tht,
or wond cleated boxes shall not exceed O00 pounds; said drawings, specifications or other data is not to
fiber boxes shall not exceed the weight limitations be regarded by implication or otherwise as in any
of the applicable box specification. manner licensing the holder or any other person or

corporation, or conveying any rights or petrmission
5. . 3 Level C.- R-sgulstors, packaged as speci- to manufacture, use, or sell any patented invention

fied, shall i' pA'i'ed in containters which will insure that may in any way be related thereto,

Preparing activity:
Navy-Bureau of Ships
(Project 42Z0-NO19SH)
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k LIST OF SYMBOLS AND TERMS

acfm cubic feet per minute at ambient conditions

scfm cubic feet per minute at standard conditions of
14.7 psia and 70*F, 1 scfm=26.29 slpm

ata atmospheres absolute

psia lbs per sq. in. absolute

psig lbs per sq . in. gauge

psid lbs per sq. in. differential

K psiob lbs per sq. in. over bottom pressure

RMV respiratory minute volume

1pm liters per minute at ambient conditions

alpm liters per minute at ambient conditions, same as 1pm

slpm liters per minute at standard conditions of
14.7 psia and 00 C, 26.29 slpm = 1 scfm

cc cubic centimeter

scc cubic centimeters at standard conditions of
14.7 'sia and 00 C

cm H2 0 centimeters of water pressure

SAp differential pressure

free
volume free air space within a boundary

upper
"volume the volume of a breathing bag/diaphragm system

above which small increases in vo'.ump re.uire
large increases in Ap relative to outside ambient
pressure

lower
volume
limit the 7olure of a breathing bag/diaphragm system

below whi±h small decreases in volume require
large negative increases in Ap relative to outside
ambient pressure

A AV change in volume

UBA underwater breathing apparatus
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I.INTRODUCTION

The purpose of this protocol is to outline the general

procedures and equipment to be used by EDU personnel in the

evaluation of semi-closed circuit and closed circuit underwater

breathing apparatus.

This protocol has been written in terms as general as

possible consistent with clear understanding. It is not in-

tended to be a step-by-step procedure which can be applied

L directly to the testing of a given peice' of diving apparatus.

Such a procedure would very quickly become out of date. It is

rat-her intended as a detailed guide with which the Project

Engineer can plan the evaluation of the apparatus to be tested.

The quantities to be measures and controlled are specified for

each type of test. The basic test equipment required is out-

lined along with the considerations governing its set-up, cali-

bration and use. Typical test conditions and data handling re-

quirements are also outli'Lned for each type of test. With onlyI

a basic understanding of modern instrumentation and testing

techniques, a Project Engineer should be able to readily make

the detailed decisions necessary to apply this protocol to a

specific piece of diving equipment.

The procedures outlined herein are concerned principally

with evaluation of the functional performance of the diving

apparatus being tested. No effort has been made to includeI

specific material tests such as abrasion tests, salt spray testS,

air-drop tests, etc. Those tests are very involved, very speci-

fic, and vary greatly with the system to be tested. They also,



for the most part, require equipment and facilities not avail-

able at NAVXDIVINGU. Consequently they are considered outside

the scope of this protocol.

If material adequacy tests are to be performed, U.S. Army

Material Test Procedure 8-2-113 for Self-Contained Air and Oxy-

gen Breathing Apparatus (1) contains most of the material tests

that would be required. MTP 8-2-113 is, however, written for

surface breathing apparatus (gas masks, dust masks, fire fighters

breathing apparatus, etc.) and does not contain the material

tests specific to underwater operation. The principal tests

missing are those pertinent to MIL-STD-MS 33586 for dissimilar

metals and MIL-STD-167 for a salt water spray.

Also, no effort has been made to include specific reliabi-

lity and maintainability tests. These tests are normally done

during the traditional Techeval/Opeval cycles. Considerable

insight into the reliability and maintainability of the appara-

tus tested will, however, be gained as a result of the tests de-

scribed herein.

The tests outlined herein have been kept as simple as

possible. Experience has shown that it is usually faster and

more reliable to run a number of small tests where no more than

two or three major variables are measured at one time than it

is to do everything all at once.
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II. DESCRIPTION OF THE EQUIPMENT TESTED

A. Serial Numbers

It is critally important that the piece of diving apparatus

be positively identified. Most underwater L':eathing apparatus

have serial numbers. Find the serial number (a call to the

manufacturer may be necessary to find where to look), and re-

cord it. All data sheets used with the UBA will need the UBA

serial number. If the UBA does not have a serial number, give

it one.

B. Pnotographs

1. Lquipinent Tested

SPhotograph the apparatus to be tested from all
/appropriate angles. Usually, , these will include at least both

sides, front, and rear. Als/o, take several ptiotos ot a diver

dressed in the apparatus. if appropriate, disassemble the

Iapparatus and take picturer, of the individual components.

Take all photographs against a white background.

Place a dark-bordered whi.te placard so that it appears in the

lower right-hand corner of the picture, giving the following

information: nianufacturer trade name; view (front, back, right

side, left side, top or bottom, etc.); month and year. For any

close-ups of the apparotus, place a 12-inch ruler so that it

appears across the bottom center of the picture. For long

shots of the apparatus, do not include a ruler.

2. The Test Equipment

Photographs of the UBA as it is rigged for the various

tests described herein are very helpful when report writing
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time arrives. Representative pictures should be taken of all

test set-ups described, both with and without the UBA in place.

Physical Dscription

1. Material Description

A written deEcription of the apparatus tested is

essential. It must include a description of the overall

apparatus configuration, the materials of construction, valve

types and sizes, method of attachment to the diver (jocking

system), communications arrangements, and any spe.cial features.

Also to be detailed are the size, shape and absorbant capa-

city (in pounds) of the CO2 absorbant canister, and the capa-

cities (in scfý, working pressures, shapes and methods of

attachment of all gas storage bottles. Usually the manufac-

turer' s own literature will be sufficient. However, if it is

not, a description must be generated which meets the ai:ove re-

quirements.

If possible, obtain exploded drawings of the appara-

tus from the manufacturer.

2. Size

Measure the overall size in inches. Include any

projections. Record overall length, width and thickness,

spcecifying the points of measurement. Record the size and

shape of all display assemblies.

3. Weight

Measuire the overall weight of the apparatus in air.

Include all attachments. Record the apparatus weigh.t with
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all bottles first empty, then charged to their maximum working

p-ressure.

Record the individual weights of all displ.ay units.

4. buoyancy

Measure the buoyancy in pounds and ounces, either

positive or negative. Before checking the cylinder pressures,

be sure that they have reached room temperature. Then record

the buoyancy in room teraperature fresh water under the follow-

ing conditions:

a. Cylinder filled, canister filled with fresh
jry Baralyme, breathing bags or diaphragm
fully inflted.

b. Cylinder filled, canister filled with fresh,
dry Baralyme, breathing bagi or diaphragm as
empty of air as it is possible to get them
without damage.

Also measure separately the Duoyancy, positive or

negative, of all display units such as wrist or chest displays.

-5-
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III. PERFORMANCE TESTS

A. Bench Tests

1. Pressure test all cylinders to their maximum rated
pressure.

2. Disassemble entire rig (regulators, valves, canis-
ters, mouthpiece, etc.2, and check for any burrs,
foreign matter imbedded, cracks and rough surfaces.
Note any of these and any dissimilar metals as per
MIL-STD-MS 33586. Note any difficulties encountered
in either disassembly or re-assembly. Note any
special. or unusual tools required.

3. Test all relief ,nd low pressure valves to their
designated pressure.

4. Aftbr 1, 2, and 3 have been completed, submerge
entire rig, fully charged, and check for leaks.

5. Test the testing equipment furnished by contractors.

6. have subject put on fully charged rig and walk about.
Determine from subject: comfort, pressure points,
ease and ability to mnove about, and to walk erect.

B. Pressure Volume (Compliance)Characteristics

1. Background

All types of closed circuit and semi-closed circuit

underwater breathing apparatus have a gas storage device or

"counter-lung" somewhere in theiz design. The purpose of the

"counter-lung" is to receive the diver's exhaled gas and store

it at the ambient pressure so that it may be re-inhaled again

at the proper time. The "counter-lung" designs most conanonly

used are breathing bags. Displacement diaphragms (a very

low differential pressure version of a hydraulic accumulator)

are also used.

For the purposes of this test protocol, the quantity

"base pressure" will be defined to mean the pressure that exists

in the respiratory circuit when there is no respiratory flow
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in the system. The base pressure in a breathing bag system

is roughly equal to the external hydrostatic presi ire at the

level of the collapse plane of the breathing bags. In a dia-

phragm system, it is roughly equal to the hydrostatic pressure

at the centerline level of the diaphragm.

In almo. t all systems, the base pressure will change

with the inflation level of the breathing bags or the fill

level of the diaphragm. T]1.s pressure-change represents a

form of resistance to breathing known as an elastic resistance.

If severe enough, it can cause the apparatus to fall the

breathing resistance standards, (see EDU report 19-73).

The purpose of this section is to determine the

pressure-volume characteristics of the apparatus under test.

The volume change per unit pressure change for the UBA is

known as its respiratory "compliance". It is desirable that

the compliance be as high as possible.

Also to be measured in related tests conducted under

this section are the base pressures at which the UBA pop-off

valve lifts, the base pressure at which the diluent add valve

(if any) actuates, and the maximum flow rates of all purge

valves and by-pass valves.

2. Qudntities to be Measured:

a. Mouthpiece (or oral-nasal) pressure re selected
referencŽ pressure

b. UBA and mask position on test manikin (measure
in sufficient detail so that the UBA and mask
could be removed and replaced in exactly the
same position

c. Pressure at which the UBA exhaust (pop-off)
valve lifts
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d. Pressure at which the diluent add valve
actuates (closed circuit UBA only).

e. M* -ium flow rate attainable through all.
by-pass and/or purge valves.(If these valves
are located in the system so that the flow
across them is always sonic regardless of
the test delth, as is the case for most UBA,
then the maximum by-pass/purge flow rates
need be measured only at the surface. Other-
wise, they must be measured at each test depth.)

3. Quantities to be controlled:

a. Amount of gas added to and withdrawn from
the mouthpiece or oral-nasal

b. UBA and mask position on the manikin

c. Setting of exhaust or "pop-off" valve

d. Supply pressure to the UBA

e. Supply gas mixtures

f. Manikin orientation

g. UBA tested wet or dry

h. Temperature

i. Depth

4. Equipment
a. Specialized equipment required

1) Large graduated syringe, preferably
about 2 liters

2) 3-way valves and plumbing as shown in
Figure 1

3) Test manikin and wet testing box

4) Differential pressure transducer and
transducer indicator, 1 psid

5) Flowmeters (2), approximate sizes, 1.0
and 8.4 scfm air at 70°F. and 14.7 psia
with a minimum working pressure of 600
psig
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NoO2 Supply.

Gauge#3

0-3000 psi

Fl'owmer• F lovmeter
Low VlumeHigh Volume

Mask or Mouthpiece

Gauge #4 .

0-600ps

Mouthpiece Preasrnef PReference Tube

Gauge #

As Appropriate
0-200 or 0-600 Transducer Indicat.

-, Validyne CII-12 or equal

Breathing pid• _
Hoses I p aitdtn•I•15

water side referenme tube; muat be filled
with Water. Note: tremaducer diaphrm

UBA at level of desired reference pressure'

Graduated myringe
as large as possible.
2 liters preferred size

ZIU- wet -. 0p d as

loop will function as a P12
..adding or withdrawing air depending

on how 3-way valves are met.

'n.-

k l-Vay Valve, flow direction

$3-Way Valve, cow enicating
parts indicated by arrov•

rigure I
Test Equipment Set-Up, Underwater Brunthing Appmratua Compliance Teats, Appa&.tUa Wot.

For Dry Teats. Apparatus m ianikin need not be inaide the Wet Testing box
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b. Set up the UBA test equipment generally as
shown in Figure 1. Figure 1 is intended
only as a guideline, and minor modifications
can be expected to accommodate the particular
apparatus being tested.

c. The UBA should be placed on the test manikin
and jocked as nearly per manufacturer's in-
structions as possible. Measure the UBA
position on the manikin in sufficient detail
so that it can be exactly reproduced.

d. All manikin openings inside the UBA facemask
except the openings to the syringe and pressure
transducer must be closed, and if necessary,
sealed. Leaks may invalidate the test. Leaks
may be checked for by adding 20 cm H2 0 pressure
to the UBA and observing the rate of decay. A
system with a pressure decay of less than 1 cm
11 0 per 15 seconds at 20 cm H 0 pressure can
be considered leak-tiqht for ihis case. For
the compliance tests, the gas supplies to theUJ3A must be secured, and, if necessary, sealed.
The exhaust valve should be closed as tightly
as possible, and, if necessary, sealed shut.

e. The transducer line to the UBA and the syringe

line must not be the same port.

f. The reference pressure for the transducer may
be any convenient pressure, as long as the
pressure used is recorded. Hydrostatic pressure
at the level of the manikin's 7th cervical ver-
tebra , at the level of the centerline of the
manikin's mouth (as shown in Figure 1) or at any
other appropriate level may be used. The Pro-
ject Officer should determine ahead of time
which reference pressure is to be used. See
EDU Report 19-73 for more information on refer-
ence pressures.

5. Calibration

Calibrate the transducer and transducer indicator

against a water or mercury manometer prior to each major test.

Recheck calibraticn at the end of the test. The flowmeters

are factory calibrated and should not need calibration unless

there is evidence of damage.

-10-
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6. Te3t Conditions and General Pcocedures

a. Compliance Tests

±) The UBA should be tested first dry, then
wet. When tested dry, the UBA will have
essenti&lly the same compliance in all
orientations. When tested wet, it will
exhibit different compliance character-
istics in different orientations with
respect to tile pull of gravity. Normally
it will be sufficient to test the UBA
only in the head-up vertical orientation
shown in Figure 1 and t,. face-down, hori-
zontal orientation. However, if ventila-
tion tests (Section III,C.) are to be run
with the UBA in other orientations, com-
pliance tests should be perforated with the
UBP. in those orientations, as well.

2) Normally tnis test will be performed only
at 0 fsw and room temperature. However,
the Project Engineer may order additional
test conditions.

3) Secure all gas supplies to the UBA, seal
if necessary. Set the exhaust (pop-off)
valve for maximum back-pressure. If
necessary, seal it ciosed to prevent un-
wanted leaks.

4) With the UBA dry and at zero Ap, add 100
cc air, record the UBA Ap indicated, and
return to zero Ap. Now from the zero Ap
volume again, add 200 cc air, record the
UBA i.p indicated and return to zero Ap.
Continue this process until the upper
volume limit of the UBA system is reached.
The upper volume limit is that volume
above which small increases in volume re-
quire very large Ap increases. Now, proceed
to the lower volume limit in the exact same
fashion: withdrawing 100 cc air from the
zero Ap volume, recording the UBA Ap, re-
turning to zero Ap, withdrawing 200 cc air,
etc. Repeat two more times. If you did
not get reproducible results, you have a
major leak somewhere; fix it and try again.

5) Fill the test box with water to a level at
least three inches over the top of the mani-
kin and repeat 4) above.

6) Plot the results as shown in Figure 2.
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b. Exhaust (Pop-Off) Valve Tests

1) Remove the sealing cgcnts installed in
the exhaust valve in section III.B.6.a,
if any.

2) Perform these tests with the UBA sub-
merged. With the exaaust valve set at
several representative settings, slowly
add gas to the UBA with the syringe. For
each setting, note the pressure at which
bubbles first appear from the exhaust
valve.

3) With the appropriate by-pass valve,
admit a steady flow of 0.5 acfm to the
UBA, record the pressure level reached.
Repeat with a steady flow of 1.0 acfm.
Do this for each of the exhaust valve
settings used in 2) above.

4) Plot the results as shown in Figure 3.

c. Diluent Add Valve Tests (Closed Circuit UBA Only)

1) Perform these tests witha the UBA submerged.

2) With the syringe slowly withdraw gas from
the UBA until the diluent add valve is
heard to open. Repeat several times with
different diluent supply pressures. Note
any effect of diluent supply pressure on
the performance of the diluent add valve.
For each test, record the diluent supply
pressure and the pressure at whici the
diluent add valve opened.

d. By-Pass and/or Purge Valve Flow Rates

1) For these tests, remove the water from
the test box and disconnect the breathing
bags or diaphragm. There is a danger of
rupturing the breathing bags or diaphragm
when these tests are performed on the sur-
face.

2) Semi-Closed Circuit UBA Only

a) Record the flow rate and pressure
settings of the metering orifice.
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UBA Date ,-

Recorder- Depth fsw

UBA, wet or dry-_____ Serial w.o.

180

150- ..-. ° .-
1.0 acfm

Ap relative flow rate
to nydro- 120
static . .. 0.5 lacfm
pressure at flow rate
exhaust valve 90.
centerline

(cm If20) 60, I
30 . ."J tpressure

0  1 2 3 4 5

Exhaust Valve Setting

(Turns Closed)

Figure 3. Sample Graph, USA Maximum Pressure Versus Exhaust
Valve Setting
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b) Depress the by-pass valve fully.
Record the flow rate achieved and
the supply pressure to the UBA. if
the Dy-pass valve draws directly
from the umbilical or bottle gcs
supply (as most do), repeat this

* test on a variety of representative
supply pressures.

c) Repeat this test on a variety of gas
mixtures normally used with the UBA
being tested.

3) Closed Circuit UBA Cnly

a) By hand, depress the diluent add
valve fully, and record tne flow
rate and the diluent supply pressure..
Repeat for a full range of representa-
tive diluent supply pressures.

b) Repeat a) above for the diluent by-
pass valve.

c) Perform a) and b) above on all
diluent gases normally used with
the UBA under test.

d) Repeat a) above for the oxygen by-
pass valve.

7. Data Handling

a. Compliance Tests

All results are to he recorded on a chart
similar to Figure 2. Note that it is the
Project Engineer's responsibility to correct
for errors due to compression or expansion of
the gas in the UBA and manikin plumbing. At
1 ata the error is 1 scc volume/cm H 2 0 pressure/
liter of free u'olume.

b. Exhaust Valve Tests

Record the results on a chart similar toFigure 3.

c. All Other Tests

Record the data in neat tabular form unless
otherwise directed by the Project Engineer.

I -15-
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d. For each test run calibration records for
each -trument calibrated must- be made,
clearly annotated, and attached to the data
generated by each respective instrument
during the runs to which the calibration re-
cord applies. This applies in particular to
instruments that generate written records
such as the strip chart recorders and X-Y
plotter.

e. The Project Engineer or nis representative
should keep a daily log of all significant
events.
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C. Ventilation Tests

1. Background

The purpose of these tests is to determine the ven-

tilation characteristics of the UBA when it is in normal work-

ing order and normal working trim. The variables of primary

interest are the breathing resistance, inspired PCO2 levels,

inspired PO2 levels, and, in the case of semi-closed circuits

UBA's, also the liter flow rate.

The breathing pressure data obtained from these tests

should reflect the compliance results of Section III.B.

Measuring the cidurtion of the CO2 ai.sorbant canister

is not a goal of these tests. Canister duration tests should

be run separately as noted in Section III. D. The tests out-

lined in this section are designed solely to determine the

ventilation characteristics of the UBA given a properly opera-

ting CO2 absorbai't canister.

At this time, the mechanical breathing machine and

related equipment do not have the ability to remove oxygen.

Consequently, the abi7.ity of the UBA to maintain a safe PO 2

level cannot adequately be tested by this method. However,

careful observations of liter flow rates in the case of semi-

closed circuit UDA's, and observation of the PO2 sensors in

the case of closed circuit UBA's will give a good indication

of how well the rig will perform when subjected to manned tests.
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2. Quantities to be Measured

a. PCOQ levels at the follcwi.q locations:

1) inhalation. mixing Lox (inhaled PCO2
level, CO2 #1, Figure 4)

2) Exhalation mixing Dox (exhaled PCO2
level, LO2  #2, Figure 4)

3) Exhalation hose (CO2 #3, Figure 4)

4) Inhalation hose (CO2 #4, Figure 4)

5) Any other location(s) selected by the
Project Engineer

b. Differential pressures oetween the following
locations:

1) Mouthpiece pressure and hiydrostatic
pressure at the selected reference point

2) Mouthpiece pressure and the prcssure at
the canister inlet port (Figure 4, Ap
Transducer #2)

3) Mouthpiece pressure and the pressure at
the canister outlet port (Figure 4, Ap
Transducer #3)

4) Any otner locations as directed by the
Project Engineer

c. Temperatures at the following locations:

1) Inhalation mixing box

2) Exhalation mixing box

3) Mouthpiece or mask, if thermister installed

4) Water bath

d. Relative humidity of the inspired gas and
expired gas. *
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Prodau2 Record

To Inlet Port Of Canister

AP #3
To Outlet Port Of Canister

Octet Flowmeter may also be Press•re .oundry
Low Volume Meter upatream

E',.* 2 SupplV ZDU Wet Testing BoxI 'r• eap. Record.]

Gauqe @4
0-3000 psi o-3oooC0 p# , 4 M ask

Tran,
~Presla. Recorder
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rov Volume High Volme To X-Y Plod.ter
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Pressure 1 C02 1- Relative Humidity

Reducer #2 Recorder_
R. H. Sensor Heads

X-Y Plotter t

CO2 CO!
Transducer - - ---- 2

S-C02 #2

3,4,5,UBA

CO2 Supply 1, Inspired

6 12, Inspired

Position Sensor C02 Analysis

5 Sample Points
*Or other locations as
"directed by projoct officer

Figure 4
Test Equiplent Setup, Ventilation Test Semi-Closed Circuit UDA a
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3. Quantities to be Ccntrolled

a. Depth

b. Supply over bottom pressure (Gauge #2, Figure 4)

c. Exhaust (pop-off) valve setting

d. Position of UBA on test manikin

e. Manikin orientation

f. UBA condition: wet

g. Water bath temperature

h. Gas media

i. Umbilical size and length

j. Manikin respiratory parameters

1) CO2 addition rate

2) Breathing rate

3) Tidal volume

4) Volume-time waveform

5) Exhaled gas temperature and relative
humidity

4. Equipment set-up

a. Specialized equipment required

1) E)U manikin with double tracheas, one
for inhalation, one for exhalation.
Manikin should also have provisions for
monitoring the pressure and temperature
inside the mouthpiece.

2) Porthole blanks with reach rods or flexible
shafts tailored to the UBA to be tested;
one for the exhaust valve, and one for
the by-pass valve (semi-closed circuit
UBA) or the diluent add by-pass (closed
circuit UBA).

3) Flowmeters (2) for gas supp.'.y line, approxi-
mate sizes, 1 and 8 scfm air at 70 0 F. and
14.7 psia with a 600 psig minimum working
pressure (semi-closed circuit UBA's only).
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4) Differential pressure transducers (3),
approximate range ±5 psid, and associated
signal conditions and recorders.

5) Thermistors and read-out unit.

6) Breathing machine with inhalation and
exhalation mixing chambers.

7) At least two CO2 analyzers, one with a
range of 0 to 0.5% by volume, or 0 to 1%
by volume; one with a range of 0 to 6%
by volume. CO2 levels #2 and #3 can be
expected to run between 4 to 6% S.E., CO
levels #1 and #4 can be expected to run 2

between 0 to 1% S.E.

b. Set up the equipment generally as shown in
Figure 4. Figure 4 is intended only as a
guide, and minor equipment modifications can
be expected to accommodate the particular
apparatus under test. Figure 4 shows an umbi-
lical supplied semi-closed circuit UBA. The
set-up for a closed circuit UBA would be iden-
tical except for the gas supply plumbing. Flow-
meters are not required for closed circuit UBA's.

Self-contained UBA's, for this test, should be
supplied from banks rather than from their own
bottles. This test is rather lengthy, with fre-
quent, and sometimes large, depth changes. Con- -I

sequently, the gas supplies carried in most self-
contained UBA's will be quickly exhausted, re-
sulting in many delays to refill bottles.

c. Determine how much umbilical is appropriate to
the depths to be tested and install it as shown
in Figure 4.

d. One Ap transducer should be set-up to monitor the
pressure differential between the mouthpiece
interior and the hydrostatic pressure at the
level of the 7th cervical vertibra (chamber
ambient pressure if UBA is tested dry). Use adifferent reference pressure if so directed by
EDU report 19-73. The other 4p transducers areto be set-up as directed by thE- Project Engineer.
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e. The internal free volume of all inhalation
plumbing components must not be greater than
10 liters. The internal free volume of all
exhalation plumbing components must likewise
be less than 10 liters. The internal free
volume of coriponents used for botn inhalation
and exhalation is to be charged against both
10 liter limits. 10 liters free volume is
the most free volume that can be tolerated
without introducing excessive errors due to
pneur itic compliance (gas compressability).
See EDU Report 20-73, Section III for more
details.

f. Total mechanical compliance (hose stretcn,
etc.) of the breathing loop plumbing must
be kept below .05 liter per 20 cm H2 0 pressure
change.

g. Water depth over the top of the manikin should
be at least six inches. Water temperature
should be 70 to 800 F.

h. Set up the X-Y plotter so that it makes plots
of mouthpiece pressure versus inspired-expired
volume. Plots of mouthpiece pressure versus
inspiratory-expiratory flow rates may also be
useful.

i. Great attention must be paid to the gas samp-

ling system and the manner in which it is
operated. The CO sampling lines should be

2.sized so that the time required for a gas
sample to travel from the UBA to its appro-
priate analyzer is less than 30 seconds at
the maximum test depth. However, the rate at
which the gas is withdrawn from the UBA must
be carefully monitored. It is very easy to
withdraw so much gas for sampling purposes that
the test becomes compromised. In general,
breathing pressure measurements should not be
made without first securing all oZ the gas
sample lines.

j. All sampling lines should have small water
traps, located dow-stream of the pressure
reduction point.
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k. All breathing loop components should have an
I.D. of not less than 3/4". The lengths of
the noses carrying uni-directional flow are
not critical and may be as long as required so
long as the 10 liter free volume limit in e.
above is observed. The lengths of the hoses
and pipes carrying bi-directional flow are
important and should be kept as short as
possible with reasonable effort.

1. The output of the Ap transducers must be
continuously recorded. Continuous recording
of the outputs of the CO2 analyzers is hi hl
recommended. The output of the Ap transducer
varies so rapidly with time that it cannot be
read from a panel meter. The outputs of the
CO analyzers will vary enough with time to
maie accurate readings from a panel meter ex-
tremely difficult.

m. Test all equipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the gas supply system (semi-closed
UBA's only) can invalidate the flow rate data.
Leaks in the breathing loop plumbing can in-
validate the CO2 data. The breathing loop
plumbing can be considered leak tight if, with
the manikin's mouth sealed or corked shut, the
system will hold both a 20 cm H 0 pressure and
a 20 cm H 0 vacuum with a pressre (vacuum)
decay rat9 of less than 1 cm H2 0 per 10 seconds
at 20 cm H2 0 pressure (vacuum).

5. Calibration

a. Calibrate all adjustable instruments inmediately
prior to each major test. Re-check calibrations
at the conclusion of ti-e test.

b. The transducers should be calibrated against
a water or mercury manometer; the thermisters
against 32 0 F. water and room temperature.

c. The flowmeter and gauges normally do not need
daily calibration.

d. The CO analyzers should be calibratei against
at leaht 3 known gases each; full scale, zero
and mid-range CO concentrations. If the CO
analyzer calibraiions are non-linear, severai
more calibration points and a graphical cali-
bration record will be required.
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e. Calibrate the X-Y plotter axes prior to each
test. Re-check at the conclusion of each
test. The Y-axis should read mouthpiece
pressure; the X-axis, inspired--expired volume.

6. Test Conditions

The test conditions to be covered will vary with

the apparatus to be tested and with the degree of testing

required. The Project Engineer should determine the conditions

to be tested prior to commencing the test. Typical conditions

for the complete test of a closed-circuit mixed gas UBA rated

for a maximum service depth of 1000 fsw follow:

a. Umbilicals As required to connect UBA
to test chamber 02 and H
headers. e

b. Supply 3000, 2000, 1000 psig and
Pressures 300 psiob

c. Test Depths 50 fsw increments to 1000 fsw

d. Exhaust (pop- Fully closed, 1/2 open, fully
off) valve open or as recommended by
setting manufacturer

e. Position of Normally jocked position. Be
UBA on sure this position is known
Manikin in sufficient detail so that

it can be reproduced exactly.

f. Manikin Face-down horizontal and head-
Orientation up vertical. Other orienta-

tio~ns may also warrant testing.

g. UBA condition Wet

h. *Water Bath 70° to 800 F.
Temperature

i. Manikin Respiratory Parameters*

CO2 Add.Rate .04 X RMV slpm (ex. 1.6 slpm
at 40 1pm RMV)

Breathing 15, 20, and 25 breaths per
Rate minute

* Parameters recommended by EDU Report 19-73
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r
Tidal Volume 1.5, 2.0, and 2.5 liters per

breath respectively at breath-
ing rates of 15, 20, and 25 bpm

Volume-Time Flattened Sinusoid with an
Waveform exhalation to inhalation time

ratio of 1.1 - 1.0 and a ratio
of peak flow to minute volume
of 2.7

Exhaled Gas 970 ± 20 F.
Temperature

Exhaled Saturated at 970 F.
Relati-e
Humidi.ty

The test conditions for a semi-closed circuit UBA

rated for 1000 fsw would be similar. The principal differences

would be the addition of a test condition specifying tne um-

bilical to be used, and the gas mixtures, supply pressures,

and liter flows tc. be used.

7. General Procedures

a. These tests are normally done only with the
UBA wet.

b. Test all of the conditions of interest on the
surface. Get a feel for effects of pop-off
(exhaust) valve settings and for the effects
of various lreathing bag/diaphragm inflation
levels.

C. 2est the UBA under pressure. Test under the
test conditions designated Dy the Project
Engineer. The best sequence to follow is
usually to do all of the test conditions at
0 fsw, then 50 fsw, etc. on down to maximum
test depth.

d. During descent be ver2y careful not to travel
too fast and produce excessively negative
pressures in the UBA relative to chamber
pressure. This can quickly result in a
flooded rig.
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e. It is usually best to let the breathing
machine run continuously unless d. above re-
quires that it be secured during descent.

f. During all times when the respiratory load
on the UB-- is being increased (increasing
minute volume or increasing depth) watch the
mouthpiece Ap transducer output very carefully.
If excessively negative Ap's are observed,
stop or slow down.

g. During ascent from the maximum test depth
repeat 25 to 50% of the test readings taken
during descent. This checks for reproduci-
bility of the data.

h. Maintain each test condition until all values
stabilize. This may take as long as 15 minutes.

i. If canister break-through occurs (CO2 level #4,
canister return, exceeds 0.5% S.E.), return to
tne surface obeying g. above, replace the CO 2
absorbant, return to the depth of c)reak-through
and complete the tests desired.

j. Repeat c. and g. above as many times as re-
quired to obtain good confidence in the data.

k. Take care that the amount of gas being drawn
out the gas sample lines does not disturb
conditions in the UBA. It is usually wise to
make the mouthpiece Ap measurements and X-Y
plots with all the sample lines secured.

1.. To the extent possible, all emergency breath-
ing ordes should also De tested. This, how-
ever, will most probably require a separate
test run with somewhat different instrumenta-
tion. If the emergency breathing mask is
open-circuit, demand breathing from an umbi-
lical supply, the emergency breathing mcde is
equivalent to Bandmask diving. See EDU Reports
2-73 and X-74 for procedures and instrumentation
set-ups for testing a Bandmask type system.

8. Data Handl.ing

a. On-line cross checking of data values is
essentiral for this test. The best cross check
to use is simple CO conservation. There are
two checks that can be used, as follows:

1) PCO #2 - PCO2 #1 should equal 4.0% S.E.
- .3% S.E.
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2) The CO addition rate should equal the
CO2 diiappearance rate.

CO2 in = CO2 out = (PCO 2 #3-PCO2 #4)x(RMV)

+ (PCO 2 #3) x (gas con-
sumption rate)

The first term on the right hand side of
the equation is the rate of CO2 removal
by the CO absorbant canister; the second
is the raie at which CO2 is exhausted out
the exhaust valve. The CO disappearance
rate calculated as above should equal the
CO2 add rate ± 10%.

b. Record at each test condition all measured
and controlled quantities on a pre-made data
sheet. Carefully annotate all strip record-
ings or other permanent dat• --Tecords so that
the data can be identified.

c. For each test run, calibration records for
each -- trument calibrated must be made,
clearly annotated, and attached to t-idata
generated by each respective instrument during
the runs to which the calibration record
applies. This applies in particular to instru-
ments that generate written records such as
the strip chart recorders and the X-Y plotter.

d. Plot thre recorded data as directed by the
Project Engineer.

e. From the plots )f mouthpiece pressure versus
inspired-expired volume made on the X-Y plotter,
calculate the external work of breathing ex-
pended by the manikin. Compare against the
.17 Kg-m/liter ventilation limit proposed by
EDU Report 19-73. If the work of breathing
standards proposed by this report are adopted,
a plot of the external work of breathing will
also be required.

f. The Project Engineer or his representative
should keep a daily log of all significant
events.
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D. 202 Absorbent Canister Duration Tests

The purpose of these tests is to determine the

expected lifetime of the CO2 absorbent canister under all of

the conditions in which the UBA will be expected to operate.

These tests are very similar to those of Section

principal differences are in the test conditions selected. In

these tests the ventilation conditions in the UBA are held con-

stant (manikin RMV, liter flow, exhaust valve setting, etc.)

and the temperature of the water bath is varied. In Section

III. C. the reverse was true.

Canister lifetime tests are extremely time consuming.

Round-the-clock operation should be considered.

2. Quantities to be Measured

The quantities to. be measured are the same as those

in Section III. C. 2. except:j

a. The temperature of the gas entering and leaving
the C02 absorbent canister must also be measured.

b. Only the mouthpiece Ap transducer (Ap Transducer
#1, Figure 4) is necessary. The others may be
eliminated.

c. The expired gas temperature and humidity are
of critical importance in this test whereas
in Section III. C. 2. they were of secondary
interest.

3. Quantities to be Controlled

The quantities to be controlled are the same as those
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in Section III. C. 3. Water bath temperatures, manikin exhaled

gas temperature and relative humidity are, however, of critical

importance here whereas in Section III. C. 3. they were of

secondary interest.

4. Equipment Set-Up

a. The recomimended equipment set-up is identical-
to that outlined in Section III. C. 4. except:

1) Thermistors must be added to monitor the
temperature of the gas entering andI
leaving the C02 absorbent canister.

2) Ap transducers #2 and #3 may be removed.

b. Precise (±20F) control of the water bath tem-
perature is essential.

5.~ii~i Calibration

The calibration procedures are the same as those

outine inSection III. C. 5.

6. Test Conditions

The test conditions to be covered will vary with the

apparatus to be tested and with th'e degree of testing required.

The Project Engineer should determine the conditions to be tested

prior to commencing the test. Typical test conditions for a

complete canister lifetime test follow:

a. Umbilicals As required to connect
the UBA to the chamber
02, He or Mixed Gas
headers as appropriate

b. Supply Pressures 1000 psig or as recom-
mended by the manufac-
turer

C. Test Depths 3 depths representative
of the depth range in
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which the apparatus
is to be used

d. Supply Gas Mixture Use mixtures represen..-
ative to the depths
chosen in c. above

e. Exhaust Valve Setting As recommended by the
manufacturer

f. Position of UBA and Normally jocked position.
mask on manikin Be sure this position is

known in sufficient de-
tail that it can be
exactly reproduced.

g. Manikin Orientation Head-up vertical

h. UBA Condition Wet

i. Water Bath Temperatures 70 0 F, 60DF, 500 F, 40°F,
320 F, additional temper-
atures as directed by
Project Engineer

j. Manikin Respiratory Parameters*

CO2 Addition Rate 2.5 slpm

Breathing Rate 25 breaths per minute

Tidal Volume 2.5 liters

Volume-Time Waveform Flattened Sinusoid with
an exhalation to inhal-
ation time ratio of 1.1/
1.0 and a ratio of peak
flow to minute volume
of 2.7

Exhaled Gas
Temperature 97 ± 20 F

Exhaled Relative
Humidity Saturated at 97 0 F

7. General Procedures

a. The only test conditions which are not constant
throughout are depth and water bath temperature.

*Severe Work Rate Parameters Recommended by EDU
Report 19-73.
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The best procedure is usually to test all of
the desired water bath temperatures at 0 fsw,
then go to 100 fsw, etc. on down to the maximum
depth to be tested.

b. Each individual test will consist of running
the canister until breakthrough at one depth
and one water bath tempe,'_-ýrp. The test is

considered to start when e breathing machine
is turned on. Once turned on, the breathing
machine and CO2 add system should not be se-
cured until the test is completed.

c. Run the test until the CO2 level in the canister
return line reaches 2.0% S.E.

d. During these tests, once started, the breathing
machine must run continuously. During descent
evolutions, use the by-pass valve to admit
extra gas if required to maintain a satisfactory
mouthpiece Ap. Watch the mouthpiece Ap very
carefully du-ring descent.

e. Due to the length of time required for each
test, individual test runs are normally not
repeated as long as everything worked properly
and the test results are consistent with the
results from the other canister lifetime test
runs.

f. Take care that the amount of gas be'.ng drawn
out the gas sampling lines does not excessively
disturb conditions in the UBA.

8. Data Handling

a. The data handling procedures are essentially
the same as those of Section III. C. 8.

b. The CO cross checking procedures are identical
with t~ose of Section III. C. 8. a. As before,
they should be done on-line.

c. The principal purpose of these tests is to
determine the expected canister lifetime as a
function of depth and water temperature. Con-
sequently only the C02 level versus time data
need be plotted separately. Whether or not
other data obtained (UBA gas consumption, mouth-
piece Ap, etc.) is to be plotted is to be deter-
mined by the Project Engineer. The best way to
handle this data will probably be to plot it as
additional data points on the graphs and plots
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made as a result of the tests outiined inSections III. B. and III. C.

I

FI
rI

II
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E. Manned Dives, Subjective Evaluation

1. Background

Definitive manned testing of the UBA for ventilation

adequacy will be accomplished under section III. F., Physiological

Testing.

This section is concerned with essentially sub-

jective tests to obtain a rough measure of the comfort, human

engineering and mobility of the UBA. To determine those qualities

accurately requires a rather large program of manned tests con-

sidered to be outside' the scope of this evaluation. The tests

outlined below can be accomplished quickly and relatively easily.

They will provide an indication of the UBA mobility, human engin-

eering (are the controls easy to operate, etc.) and comfort

which shouMd be sufficient to point out any really serious

troubles that must be addressed before larger scale manned tests

such as Techeval/Opeval are undertaken.

The instrumentation recommended in this section is

relatively sparse. This is so not because of design, but rather

due to the difficulty in making measurements on a diver who is

free to move about as he chooses in a relatively large body of

water.

2. Pool Tests

a. The tests will be conducted at the NDW
Swimming Pool, although any suitable pool
may be used.

b. The purpose of these tests is to achieve a
reasonable es+imation of the apparatus comfort,
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human engineering, and mobility when swimming
in essentially open water.

WARNING!

DURING ALL POOL SWIMS THERE MUST BE ONE SAFETY
DIVER OUTFITTED IN EITHER SNURKEL OR SCUBA GEAR
WITH EACH TEST DIVER.

c. The UBA pre-dive and post-dive check-outs are
to be performed as required for the UBA under
test.

d. Static tests

1) Lying face down on the bottom, observe
the hydrostatic bre&thi.ng resistance,
buoyancy, and torque characteristics.

2) Lying face up on the bottom, make the same
observations.

3) Standing completely submerged, make the
same observations.

4) Try to attain neutral buoyancy at mid-depth
without swimming in each of the following
positions: (a) vertical, head down, (b)
vertical, head up, (c) horizontal, face
down, and (d) horizontal, face up.

5) As each subject completes the sequence,
record his comments and recommendations
immediately.

e. Swimming tests

1) Have each of four subjects swim 8 laps of
the pool at an average speed of 0.8 knots
(2½ minutes per lap at NDW Pool.

2) Instruct the subject to observe the following
factors da•ring the test:

aa. general comfort of the apparatus

bb. general fit of the harness

CC. general swimmability

dd. specific buoyancy characteristics
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ee. specific torque characteristics

3) As each subject completes his swim, re-
cord his comments and recommendations
immediately. Use the Diver Equipment
Analysis questionaire contained in Appendix
A or its equivalent.

f. Instrumentation for pool tests

The pool test swims will normally be conducted

with un-instrumented apparatus. However, where applicable,

bottle pressures pre- and post-swim, liter flows, etc. should be

recorded. All apparatus malfunctions must be recorded.

3. Chamber Swims

a. Purpose

The purposes of these tests are to:

1) Obtain a reasonable estimation of the
comfort, human engineering and mobility
of the UBA when it is used at its normal
operating depths.

2) Obtain some confirmation of the breathing
machine test data gathered under Section
III. C.

b. Quantities to be Measured

1) UBA gas comsumption rate

aa. In semi-closed circuit UBA, measure
liter flow

bb. In closed circuit UBA, measure
bottle pressure drops

2) Inspired PC0 2 level

3) Inspired P02 level

4) Mouthpiece &p relative to hydrostatic
pressure at the 7th cervical vertebrate.
If a different reference pressure was used
in Section III. C., then use that reference
pressure instead.
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S5) Inspired gas temperature (if appropriate)

6) UBA exhaust valve positions selected by
the divers (if valve adj:istable)

c. Quantities to be Controlled

1) Depth

2) Diver work tasks

3) Wetpot temperature

4) Supply overbottom pressure (umbilical
supplies UBA only)

5) Gas media

d. Equipment Set-Up

1) Specialized equipment required

aa. Flowmeters, approximate sizes, 1
and 8 scfm air at 70°F and 14.7 psia
with a 600 psig minimum working
pressure (required for umbilical
supplied semi-closed circuit UBA only)

bb. Differential pressure transducers,
approximate range ±5 psid, and
associated signal conditions and
recorders

cc. Thermistors and read-out unit

dd. C02 analyser, 0 to 1.0% by volume
range with recorders

ee. Oxygen analyser, 0 to 25% by volume
range, with recorders

2) Set up the test equipment generally as
shown in Figure 5. Figure 5 is intended
only as a guide, and minor equipment modi-
fications can be expected to accommodate
the particular apparatus under test.

3) Regular umbilicals are not necessary for
these tests. Any suitable leader hoses
will do.

4) All gas sampling lines should have water
traps, downstream of the pressure reducing
valves.

-36-



iI

Supply Pressure Gauge #2'

xle a Log Prom Wetpot
I psiddPrassur, •HeO 2 Board

•i KeduTransducere

Thermister Leads 8wse

0 1 notes
Sloweters may also beI arranged in parallel

0

i• • ,•Umbilical

S" ~~Gas sag "-

Plowueter

7 .• Wetpot Jones Plug Panel

0O2

i ,AP Recoder

-- ftackpack

.. heWisteGr Readout

ligure 5
Test Equipment Set-up,
Manned SUbjective Test,
Semi-Cloved Circuit lixed
Gas UPA

-37-



, . ... -..

5) The outputs of the 02 and CO2 analysers
should be continuously recorded. The out-
put of the Ap transducer must be continu-
ously recorded. Hand recordings of the
AP, 02 and CO 2 values every 5 minutes, as
is commonly done, are of little value due
to often rapidly changing values.

6) The sample gas flow rates to the 02 and
CO2 analysers must be kept as low as
possible consistant with an acceptable
lag time in the instrument response. Too
high sample flow rates will affect the
breathing performance of the UBA. In
self-contained apparatus, too high flow
rates will also quickly exhaust the gas
supply. Too low sample flow rates or
excessively long and/or large sample lines
will cause the analyser response to be
several minutes behind the actual 02 and
CO 2 levels in the UBA.

e. Calibration

1) Calibrate all adjustable instruments
immediately prior to each major test.
Re-check calibrations at the conclusion
of the test.

2) The Ap transducers should be calibrated
against a water or mercury manometer; the
thermistors against 320 F water and room
temperature.

3) The flowmeter and gauges normally do not
need daily calibration.

4) All gas analysis instruments should be
calibrated against at least 3 known gases
each: full scale, zero and mid-range
concentrations. If the analysers, es-
pecially the CO analysers, are non-linear,
several more calibration points and a
graphical calibration record is required.

f. Test Conditions

The test conditions to be covered will vary

with the apparatus to be tested and wi- the degree of testing

-38-



required. The Project Engineer should determine the conditions

to be tested prior to commencing the test.

It is not possible to eredict what test con-

ditions should be used. The following guidelines however should

b6 followed:

Depth At least 5 depths rep-
resentative of the depth
range in which the UBA
is to be used

Supply Pressure As recommended by oper-
Supply Gas ations manual for UBA
Liter Flow under test

Wetpot Temperature 70 F or above (due to
wetpot steel NDT con-
siderations)

Diver Work Tasks See Section III. E. 4.g. 3)'

g. General Procedures

1) For a reasonably thorough subjective
evaluation at least 5 dives should be made
to each depth. Always use divers who have
had sufficient exposure in the UBA so that
they feel familiar with its controls.

2) Normal U.S. Navy diving procedures are to
be followed.

3) The normal work routine while the divers
are on the bottom consists of 10 minute
periods of "moderate" work separated by
5 minute rest periods. Normally two divers
are used and they alternate work tasks
between lifting a 70-pound weight (78 lbs
dry) a distance of 2½ feet 10 times per
minute and swimming against a trapeze de-
signed to exert a steady backward force of
6.0 lbs. For an average diver, exerting
a stationary swimming force of 6.0 lbs.
produces an oxygen demand of approximately
1.26 standard liters per minute (4). This
is equivalent to a respiratory minute vol-
ume of approximately 30 liters per minute
(5) or to swimming in SCUBA at a steady
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speed of approximately 0.8 knots (4)(5).
An oxygen Camand of 1.26 slpm results in
a CO 2 production of about 1.13 slpm (6).
When possible, short periods of heavy and
severe work should also be used. These
can be effected by increasing the trapeze
force to 10 and 12 11.s. respectively.
Swimming against a 10 lb. stationary force
is roughly equivalent to swimming at a
speed of 1.0 knots. It can be expected to
produce an oxygen consumption of 1.9 slpm,
an RMV of 48 1pm, and a COZ production rate
of 1.8 slpm (4)(5)(6). Dwimming against a
12 lb. stationary force is roughly equiva-
lent to swimming at a speed of 1.3 knots.
This represents maximal effort and it can
be expected to produce an oxygen consumption
of about 3.0 slpm, an RMV of about 70 lpm
and a CO9 production Ie of about 2.9 slpm
(4)(5)(6?. It can also be expected to very
quickly produce very tired divers. In
general the heavy and severe work loads
should be held to not more than 5 minutes
duration.

4) At the conclusion of each dive, the diver
should fill out the applicable portions of
the Diver Equipment Subjective Analysis
Questionnaire reproduced in Appendix A or
its equivalent.

h. Data Handling

1) Record at each test condition all measured
and contro ile quantities on a pre-made data
sheet. Carefully annotate all strip chart
recordings or other permanent data records
so that the data can be identified.

2) Compare the CO2 levels and mouthpiece
differential pressures measured to the
results of Section III. C.

3) Tabulate and/or plot the data obtained as
directed by the Project Engineer. There
is usua.Lly sufficient variability in the
data from these dives to make concise
plotting difficult.

4) The Project Engineer or his representative
should keep a daily log of all significant
events.
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5) For each day's test dives, calibration
records must be made, clearly annotated
and attached to the data generated by
each respective instrument during the
runs to which the calibration record
applies.
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F. Manned Dives, Physiological Testing

1. Background

The purpose of these tests is to determine quanti-

tatively the ability of the apparatus under test to support the

physiologic and respiratory requirements of a diver at hard

work. The tests are normally conducted by the EDU Medical

Department.

The procedures and equipment used for these tests

are still being refined. A detailed protocol covering these

tests is expected to be published by the EDU Medical Department

sometime in the second quarter of CY 1974.
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IV. INSTRUMENT SPECIFICATIONS

Minimum
I uType Frequency
Instrument Normally Used Accuracy Response
Flowmeters Variable Area +2% of full scale 0.5 Hz
AP Transducers Variable Reluctance +1/2% of full scale 200 Hz
Transducer Meters +1% of full scale 1 Hz

Indicators

Oxygen Analyzers Paramagnetic +0.5% by volume 0.1 Hz
CO2 Analyzers Non-dispersive +1% of full scale 1 Hz

Infrared
Thermistors Thermocouple +i1 F 0.1 Hz
Relative Humidity +3% 0.1 Hz

Instruments

Pressure Gauges Bourdon Tube +1/4% of full scale 0.5 Hz
Strip Chart Electric, +1% of full scale 40 HzRecorders Oscillographic 50 mm chart width at full chart

width

X-Y Plotter +1% of full scale maximum
slewing
speed =
40 in/sec

maximum
acceleration
1400 in/sec 2

in X direction,
2000 in/sec 2

in Y direction
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APPENDIX A .

DIVER EQUIPMENT

SUBJECTIVE ANALYSIS
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DIVER EQUIPMENT
SUBJECTIVE ANALYS IS

DIVERS NAME __________________DATE

LOCATION _____________DEPTH TIME _____

IEQUIPMENT SET-UP

MANUFAC TURER___________________ MODEL_ __

TYPE RIG __________GAS USED %0~. %N.. % He

SUPPLY-PRESSURE BEFORE _ ______AFTER________

REGULATOR PRESSURE BEFORE _ _____AFTER

ORIFICE SIZE _ _____LITER FLOW BEFORE - AFTER

'..ELMETS- AND MASK

1. WHAT INLET AND EXHAUST SETTINGS DID YOU FIND COMFORTABLE
WHILE WORKING AND WHILE STANDING AT REST? EXPRESS
VALVE SETTINGS AS THE NUMBER OF TURNS OPEN OR CLOSED.

(ex~mple: inlet 2 1/4 turns open).

INLET EXHAUST

WORK___ _

REST

TYPE OF WORK_________________________
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2. RATE AND COMMENT ON THE INHLALATION RESISTANCE OF THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

3. RATE AND COMMENT ON THE EXHALATION RESISTANCE OF THE HELMET/MASK.
_______________________ I

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

4. RATE AND COMMENT ON THE EASE OF DONNING THE HELMET/MASK AND ITS
ACCESSORIES.

d for f e osv
dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

5. RATE AND COMMENT ON THE HELMET/MASK WEIGHT OUT OF THE WATER.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

6. RATE AND COMMENT ON THE HELMET/MASK BUOYANCY IN THE WATER.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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7. RATE AND COMMENT ON THE FIT AND COMFORT OF THE HELMET/MASK.

_.. . -.....
dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

8. RATE AND COMMENT ON THE NOISE LEVEL IN THL HELMET.

1 '
dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

9. RATE AND COMMENT ON THE ADEQUACY OF THE COMMUNICATIONS IN THE
HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

10. RATE AND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

danc erous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

11. RATE AND COMMENT ON THE VISIBILITY FROM THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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12. RATE AND COMMENT ON Ti"11,: EASE OF CLEARING WATER FROM THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

13. RATE AND COMMENT ON THE HELMET/MASK TORQUE.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

14. WHAT IS YOUR OVER ALL EVALUATION OF THE HELMET/MASK.

dangerous acc eptab le exc ellient no t

to life for fleet feature observed
use impossible

to improve
on

BRETNIGAPPA S

IIt I I15. RATE AND COMMENT ON THE WEIGHT OF THE APPARATUS OUT OF THE WATER.

dangerous acceptable excellent noti
to life for fleet feature observed

use impossible
to improve

on
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16. RATE AND COMMENT ON THE BUOYANCY OF THE APPARATUS IN THE WATER.

................................1 •

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

17. RATE t.ND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

:.I I

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

!:'

18. RATE AND COMMENT ON THE SWIMMABILITY OF THE APPARATUS.

dangerous acceptable excellent not
to 1: e for fleet feature observed

use impossible
to improve

on

19. RATE AND COMMENT ON THE APPARATUS TORQUE.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

20. RATE AND COMMENT ON THE INH&.LATION BREATHING RESISTANCE%

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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21. RATE AND COMMENT ON THE EXHALATION BREATHING RESISTANCE.

dangerous acceptable excellent not

to life for fleet feature observed
use impossible

to improve
on

22.. WHAT IS YOUR OVERALL EVALUATION OF THE APPARATUS*

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on.
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